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Rotylenchulus reniformis (RN) nematode infection has been identified as a major biotic
factor limiting cotton yield (~8%) in Mississippi. Cotton researchers are striving to develop
resistance to RN and develop management practices to mitigate the problem. Reniform nematode
and soil nitrogen (N) directly affect cotton growth and physiology, however, responses to RN
and N may vary across a wide genetic background. The overall objective of this research was to
determine the role that host plant resistance to reniform nematode and soil nitrogen plays in
cotton growth, physiology, and yield and controlling RN populations. In experiment 1, the effect
of RN on resistant (Gossypium barbadense introgressions; 08SS110-NE06.OP and 08SS100)
along with a susceptible genetic standard (Deltapine 16) and a commercially, susceptible cultivar
(PHY 490 W3FE) was studied based on growth, development, and yield characteristics under
field conditions. In experiment 2, the effect of N application rates, ranging from 0-150%, with
100% being recommended rate, on early season morphological and physiological traits of the
resistant and susceptible genotypes were studied in the presence and absence of RN under
greenhouse conditions. In the field project, agronomic traits varied among genotypes at a given
sampling time but growth rates, described by three-parameter sigmoidal function (r2 = 0.95 to

0.99), were not different among genotypes. Further, genotypes exhibited higher agronomic and
physiological traits, including plant height, main stem nodes, leaf area, net photosynthetic rates,
and hand-picked lint yields in 2018 than 2017. In the greenhouse study, 08SS110-NE06.OP
performed physiologically better across RN environments than other genotypes, but growth rates
with respect to soil N treatments, described by linear or quadratic function (r2 = 0.72 to 0.99),
were not different among genotypes. No interactions between soil N treatements and RN based
on physiological and growth traits were observed at the time of harvesting. In both projects,
resistant genotypes suppressed reniform nematode population at the time of harvesting. RN
resistant lines have no biological significant effect on plant growth, development, or yield but do
suppress RN populations.
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CHAPTER I
GENERAL INTRODUCTION
The United States is the third leading cotton (Gossypium hirsutum L.) producing country
in the world with its production mainly concentrated in the southern states of Texas, Georgia,
Arkansas, Louisiana, and Mississippi (Meyer, 2018). Cotton farmers in the southern US region
favor early planting of cotton (Wrather et al., 2008), with a peak planting window from April 27
to the first week of May. Rotylenchulus reniformis (RN) infestation has been identified as one of
the emerging issues in the cotton belt region of the US. The reniform nematode is of particular
interest in cotton because they inhabit common edaphic conditions. The highest incidence of R.
reniformis infestation has been reported in the central part of the cotton belt of the U.S. including
the states of Mississippi, Alabama and Louisiana (Heald and Robinson, 1990; Lawrence et al.,
1994; Robinson, 1994; Davis et al., 2003; Robinson, 2007; Blessitt et al., 2012). The average
loss in cotton production due to RN in Mississippi, Louisiana and, Alabama can reach up to 8%
every year (Gazaway and McLean, 2003; Blessitt et al., 2012). The major reason behind this is
inconsistent control with cultural or chemical practices over time (Holguin et al., 2015). Lastly,
the development of resistant cotton cultivars that could provide a long-term solution to reniform
nematode infestation is still in progress (Carter, 1981). Some producers in the cotton belt have
switched to soybean or corn production systems because of this challenge.
Nematode infestation results in typical changes in growth and physiological
characteristics. Primary symptoms involve the formation of syncytia at the feeding site (roots)
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along with stunted growth, smaller and darker green leaves, higher leaf water content, increased
light absorption, reduced shoot to root weight ratio, fewer secondary roots, delayed maturity, and
more significant-mortality among infected young plants (Lambe and Horne, 1963; Gausman et
al., 1975; Agudelo et al., 2005; Moore and Lawrence, 2013). Reniform nematode infestation
involves decreased leucine content in soybean seed and seed yields but increased percent
phosphorus (Rebois, 1973). Aryal et al. (2011) observed an increased enzymatic activity such as
P-peroxidase, G-peroxidase, and catalase that contributes to systemic acquired resistance against
R. reniformis in cotton. Specific physiological changes in cotton leaves from a reniform
nematode infection include lower chlorophyll content, and compact and hard mesophyll tissue
resulting in smaller intercellular spaces, and reduced leaf reflectance (Gausman et al., 1975).
However, certain characteristics like leaf area, thickness, water content and reflectance observed
under field conditions after nematode infection may significantly differ from results of the
greenhouse studies (Gausman et al., 1975). The reniform nematode can delay maturity and
reduce the size of bolls, which can ultimately decrease the lint yield (Jones et al., 1959). Some
common symptoms resulting from the infection by phyto-parasitic nematodes include nutrient
deficiency, stunting, wilting, and root rot, which finally results in lower yields (Lambert and
Bekal, 2002; Tu et al., 2003; Khan, 2005). Reniform nematode induces nutrient deficiency, fruit
abortion, and abnormal crop maturation, which ultimately reduce cotton yields (Koenning et al.,
2004).
The overall objective of this study was to determine the role that host plant resistance to
reniform nematode and soil fertility plays in cotton growth, physiology, and yield. This study
consisted of two experiments conducted under field and greenhouse conditions, respectively. The
objective of the field experiment was to evaluate growth, development, and yield responses of
16

novel-resistance cotton lines to reniform nematode along with susceptible commercial cotton
cultivars under reniform nematode infested field conditions. The objective of the greenhouse
experiment was to determine growth responses of cotton genotypes susceptible and resistant to
reniform nematode to a wide range of major soil nutrients levels under the presence and absence
of reniform nematode at early growth stages.
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CHAPTER II
LITERATURE REVIEW
Reniform nematodes are ubiquitous pathogens that live as parasites on over 300 species
of more than 115 plant genera in 46 families in tropical, subtropical, and warm temperate regions
of the world (Jatala and Nickle, 1991). The broad host range of reniform nematode described by
Khan (2005) includes the cultivated crops like cotton, eggplant, soybean, okra, tomato, cowpea,
and peas, while crops like cabbage, cauliflower, onion, garlic, potato, spinach, beet, and celery
come under the category of non-host. Among four major damaging nematodes of cotton viz.
southern root-knot nematode (Meloidogyne incognita), reniform nematode (Rotylenchulus
reniformis), columbia lance nematode (Hoplolaimus columbus), and sting nematode
(Belonolaimus longicaudatus), reniform nematode causes up to an 8 % reduction in cotton yields
every year in the U.S.(Koenning et al., 2000; Starr et al., 2005; Blasingame, 2006; Robinson,
2007; Starr et al., 2007; Doshi et al., 2010).
A literature review by Robinson (2007) describes increasing losses due to reniform
nematode in cotton has been a primary concern in the southern states of Mississippi, Louisiana,
Tennessee, Alabama, Georgia, and Arkansas. One of the possible reasons is that the Bt cotton
planting had no considerable adverse effect on the community of soil nematodes (Yang et al.,
2014). Also, Lambert and Bekal (2002) described soil nematodes being the most significant
plant pathogens during the “chemical era”. Further, the practice of monoculture of susceptible
cotton since the eighteenth century boosted the population of R. reniformis in the cotton belt of
20

the U.S. (Robinson, 2007). Region-specific factors such as temperature and soil properties, while
ideal for cotton production, also provide the optimum environment for R. reniformis
reproduction (Gazaway and McLean, 2003; Robinson, 2007; Moore and Lawrence, 2013).
Previous studies have also recognized both positive as well negative impacts of location-specific
factors and agronomic practices on the relationship between R. reniformis and yield losses on
different crops, primarily in cotton and soybean production systems in the mid-south U.S.
(Robinson and Percival, 1997). Other possible reasons for reniform nematode infestation
increase include lack of resistant cotton cultivars and low-cost, highly-efficient nematicides
(Koenning et al., 2004); however, development of resistance against soil-borne nematodes has
been a challenging for the scientists around the world including USA (Lambert and Bekal, 2002;
Blasingame, 2006; Robinson, 2007; Doshi et al., 2010; Moore and Lawrence, 2013). The
primary objective of this chapter was to review and summarize reniform nematode infestation
and potential management practices that can be implemented to mitigate the production losses
caused by reniform nematode in cotton in the US. Besides, a summary of infection process of
reniform nematode is also provided.
Reniform Nematode: History and Infection Process
The history of R. reniformis dates back to 1940 when Linford and Oliveira discovered it
for the first time from cowpea in Hawaii (Linford and Oliveira, 1940). It was recognized soon
after that in Georgia, Louisiana, Florida, Alabama, Texas, South Carolina, Mississippi, Arkansas,
North Carolina, Missouri, Tennessee, and Virginia (Heald and Robinson, 1990; Baird et al.,
1996; Robinson, 2007). Among 11 known species of reniform nematode, R. reniformis is
geographically the most widely distributed and economically important species of the genus
Rotylenchulus, proposed by Linford and Oliveira in 1940. The genus is a Latin diminutive of
21

genus Rotylenchus, derived from Tylenchus robustus (Robinson and Percival, 1997; Dasgupta et
al., 2011). The reniform nematodes named after kidney-shaped mature female, are widely found
in the tropical and sub-tropical regions and a warm temperature zones of the world (Ayala and
Ramirez, 1964; Mishra and Dash, 1981; Doshi et al., 2010). Reniform nematode has a life cycle
of about 25 days and can reproduce well in agricultural soils at a temperature of 27–32 oC
(Sivakumar and Seshadri, 1971; Tu et al., 2003; Robinson, 2007).
In the life stages of reniform nematode, the immature female (0.4 mm) is the infective
stage with diagnostic characteristics of conoid head, cephalic sclerotization, well developed
stylet about 10-26 μm long, and C-shaped posterior half with massive vulva (19-26 μm), conoid
tail (10-26 μm) and rounded terminus (Dasgupta et al., 2011). The immature female, being semiendoparasite, partially penetrates its anterior body part into the root tissues (cortical tissue,
phloem, and pericycle) to withdraw nutrition, and thus develops into a mature female after 7-10
days. The developed mature female is a sedentary semi-endoparasite and acquires a swollen,
kidney-shaped body extending up to 0.5 mm in length. The anterior end part is comprised of
irregular esophagus with esophagus gland overlapping intestine laterally and ventrally, welldeveloped stylet, and the hemispherical posterior half contains irregular spermatheca, two
ovaries at reflexed position, funnel-shaped vagina and giant vulva with raised lips, and spiked
tail (5-8 μm) (Dasgupta et al., 2011). A week after establishing a permanent feeding site, the
swollen mature female reproduces sexually after mating with mature male viz. amphimictic
reproduction behavior (Triantaphyllou and Hirschmann, 1964). The vermiform mature male has
cephalic sclerotization, a poorly developed stylet and esophagus for feeding, and a pointed tail.
The mature male is not infective and remains in the soil and does acquire monarchic and
outstretched reproductive system for mating with mature females, primarily plays the role of
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reproduction only. Upon reproduction, mature females lay 40-60 eggs in the form of a gelatinous
egg mass outside the roots, which hatch into juveniles in 8-10 days. While the embryonic
development, J1 (Juvenile 1), and molting to J2 stage occurs within the egg, the J2 hatches and
subsequently molts in the soil twice more (J3 and J4 stages). The juvenile has general
morphological characteristics more or less similar to immature females, but a more rounded tail,
and develops in water into a juvenile female in 11-14 days and/or into an adult male in 10-13
days (Sivakumar and Seshadri, 1971; Dasgupta et al., 2011).
Reniform Nematode Reproduction and Pathogenicity as affected by Soil Properties
The degree of damage by R. reniformis on a crop, and the subsequent management
strategy require knowledge of the spatial distribution of the reniform population across the field,
both horizontally as well as vertically (Holguin et al., 2015). Reniform nematodes form a nonclustered horizontal distribution pattern in cotton fields (Lawrence and McLean, 1999; Lee et al.,
2003; Moore and Lawrence, 2013; Lee et al., 2015). They can survive across a wide range of soil
properties, including texture, moisture, temperature, fertility, and pH (Robinson et al., 1987;
Gazaway and McLean, 2003; Robinson, 2007; Pettigrew, 2008; Kularathna et al., 2014).
Soil Texture
Among various soil properties, soil texture is used as the basis for determining economic
thresholds and delineating management zones for nematodes within fields (Monfort et al., 2007;
Starr et al., 2007; Moore and Lawrence, 2013). Most studies have mainly focused on the
interaction of reniform nematode density with percent silt or clay content in the soil (Koenning et
al., 1996; Robinson et al., 2005a; Monfort et al., 2007; Herring et al., 2010; Moore and
Lawrence, 2013). Few studies have described the relation of reniform nematode density with
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percent sand content in soil (Starr et al., 1993; Holguin et al., 2015). Koenning et al. (1996)
found a quadratic relationship between the population density of reniform nematode and % clay
+ silt, with an optimum near 28% clay + silt content of soils tested in the study. The decrease in
reniform nematode population density with an increase in soil median soil particle size was also
reported by Moore and Lawrence (2013). Holguin et al. (2015) found that reniform nematode
numbers were maximum at 60% sand content and declined when sand content increased above
60 to 65%.
In contrast, Sivakumar and Seshadri (1971) found that reniform nematode preferred
sandy loam soil with 7.5% clay content compared to other soils with higher or no clay content,
including red loam, black clay loam, and sandy loam. The loamy and clayey soils have better
moisture-retaining capacity and fluctuations in soil moisture are not rapid in these soils, whereas
sand has reduced water-holding ability with rapid fluctuations in moisture level. Sivakumar and
Seshadri (1971) concluded that nematode multiplication was lower in sandy soils because
reniform nematodes cannot withstand the rapid soil moisture changes that occurred in sandy
soils. In summary, reniform nematode reproduces well in finer textured soils and thus, allowing
it to occupy a niche with minimum competition.
Soil Depth
The literature available on the vertical distribution of the reniform population is debatable
so far. Most of the studies have investigated R. reniformis populations in the top 30 cm soil layer
viz. above the plow layer and found it to be the most damaging to crop yields (Overstreet, 2001;
Komar et al., 2003; Sciumbato et al., 2005). In contrast, recent studies on the depth distribution
of R. reniformis reported that higher reniform nematode density in the deeper layers (>30 cm) of
the soil reduces root growth and yield in cotton (Robinson and Cook, 2001; Westphal and Smart,
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2003; Robinson et al., 2005a; Holguin et al., 2015). Higher reniform nematode population in
deeper soil layers may be because of the deep root growth pattern of the cotton plant that
provides sufficient feeding area to the reniform nematode population and thus reproduces deeper
in the soil profile. Robinson et al. (2005a) showed cotton yield reduction due to nematode
infestation in the deeper soil profile. Koenning et al. (1996) concluded the perennial nature of
cotton, such as continued root physiological activity combined with nature of the reniform
nematode to feed on a wide range of plants, is responsible for maintaining populations of
reniform nematode in cotton fields. The study further concluded the increasing population of
reniform nematode from midseason to cotton harvest in the deeper layers is regulated by the
deep root growth.
Similarly, Westphal and Smart (2003) described the increasing population of reniform
nematode in the deeper layer from midseason to final harvest is linearly correlated with
increasing root growth. Also, the study observed higher reniform nematode reproduction in the
deeper layer of soils obtained from reduced or no-tillage practice than conventionally tilled soils,
which possibly explain the resurgence of reniform nematode damage in no-tillage cotton every
year (Westphal and Smart, 2003). Westphal and Smart (2003) reported that reniform nematode
population density was higher in conventional tillage systems as compared to the reduced or notill system in a cotton-corn rotation at depths 60-120 cm, whereas no difference was found
between tillage systems at depth 0-60 cm. Holguin et al. (2015) found downward movement of
reniform nematode in plots planted with a non-host crop (peanut), with higher reniform
nematode densities were found deeper (30-60 cm) in the soil. Therefore, every year farmers have
to use management tactics like crop rotation or application of nematicides for the control of
reniform nematode (Koenning et al., 2004).
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Soil Moisture
Being related to soil texture, soil water content plays a significant role in the rate of root
growth and, therefore, can manipulate the reniform nematode population in the rhizosphere. In
cotton, root growth ceases below -0.1 MPa water potential (Taylor and Klepper, 1974). Under
drought conditions, the cotton crop may exhibit a deeper penetration of roots for uptake of water
and nutrients, which results in higher root density in deeper soil layers than the plow layer
(McMichael, 1986). Thus, the greater root density of deeper soil layers under dry surface
conditions may result in a higher nematode population at deeper soil layers than near-surface.
Moore and Lawrence (2013) observed a significant positive correlation of irrigation with a
reniform nematode population in different textured soils.
In contrast, Herring et al. (2010) observed no increase in the reniform nematode
population in the irrigated plots, while non-irrigated plots had a comparatively higher reniform
population from midseason until harvest. However, the studies above found significantly higher
cotton yields under irrigated conditions irrespective of reniform nematode density. In Alabama,
reniform nematode population was increased with irrigation (Moore and Lawrence, 2013). In a
micro-plot study, Moore and Lawrence (2013) found 45% and 50% higher population density of
reniform nematode in irrigated plots than non-irrigated plots at 60 and 150 days after planting,
respectively. The study also observed that irrigation influenced overwintering nematode
population densities, which resulted in a higher initial nematode population in irrigated plots
when compared to non-irrigated plots. Moore and Lawrence (2013) concluded that irrigation was
a more influential factor for determining reniform nematode population than soil texture as
irrigation in all soil types studied increased reniform population by 36% compared to nonirrigated soils. Westphal and Smart (2003) observed no effect of root length and soil moisture on
26

the reniform nematode population. In 1990 survey of 11 states of the U.S., Heald, and Robinson
(1990) found no clear relationship of reniform nematode with soil pH, rainfall, texture, or
irrigation regime.
Soil Fertility
The interaction of production practices such as soil fertility, tillage and cover crops with
reniform nematode reproduction and pathogenicity is not yet fully understood in cotton
(Gazaway et al., 2000; Westphal and Smart, 2003; Jones and McLean, 2004; Pettigrew et al.,
2005; Jones et al., 2006; Reddy et al., 2006; Asmus et al., 2008; Kularathna et al., 2014). In
greenhouse studies, Kularathna et al. (2014) observed a significant negative impact of increasing
phosphorus (P) on reniform nematode reproduction, but no interaction of potassium (K) and
sulfur (S). The study reported a reduction in egg number, populations of vermiform stages, and
increased dry biomass with increasing P rates from 20 mg kg-1 to 60 mg kg-1 at 30 days after
planting (Kularathna et al., 2014). However, the management of soil nutrients (P, K, and S)
showed no significant effect on reniform nematode reproduction in field experiments conducted
in Louisiana (Kularathna et al., 2014). Likewise, Gazaway et al. (1996) observed no effect of
increasing levels of K fertilizer on reniform nematode populations. Ebelhar et al. (2011)
observed no effect of nitrogen (N) and P on reniform nematode populations in a cotton-corn
rotation. In contrast, Pettigrew et al. (2005) reported 12% higher reniform nematode population
in plots with K (112 kg ha-1) application compared to unfertilized control plots. This might be
because of extensive root system developed in response to K application, which provides
sufficient feeding and reproducing sites to reniform nematodes (Pettigrew et al., 2005). Also,
cotton grown in soil with deficient K levels shows stunted growth, decreased photosynthesis,
earlier maturity, and poor yield (Bednarz et al., 1998; Bednarz and Oosterhuis, 1999). The study
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further observed genotypic differences for reniform nematode count at post-harvest such that cv.
FiberMax 832 supported lower reniform nematode density (9,608 nematodes L-1 soil) than
reniform nematode densities (≥ 10,550 nematodes L-1 soil) of all other cultivars (Pettigrew et al.,
2005). Potassium fertilizer, the majority of which is taken during blooming and boll-filling
stages, performs various physiological activities like stomatal conductance and photosynthesis
that contributes to improved lint yield and fiber quality in cotton (Gwathmey and Howard, 1998;
Pettigrew, 1999; Pettigrew, 2003; Pettigrew, 2008).
Soil Temperature
Limited literature is available on the influence of soil temperatures on reniform
reproduction, and reniform nematode parasitism on different crops (Rebois, 1973; Heald and
Inserra, 1988; Robinson, 1994; Lawrence et al., 2005b; Leach et al., 2009). Previous studies
confirmed the responses of reniform nematode reproduction and parasitism to temperatures are
highly dependent upon the stage of a life cycle, geographic location, crops, and edaphic factors.
In general, reniform nematodes can survive for several months at a temperature range of 25-30°C
but are greatly affected by soil moisture (Birchfield and Martin, 1967; Apt, 1976). Soils with
moisture percentages more than 7% are conducive for reniform nematodes at 25°C, while dry
soils favor nematodes survival below freezing temperatures (Heald and Inserra, 1988). Leach et
al. (2009) observed significant variability in the embryonic development of three different
nematode populations across temperatures ranging from 20°C to 35°C with an increment of 5 °C.
The study reported a temperature of 25°C is ideal for embryogenesis in all reniform nematode
populations, but the rates of embryonic development for the populations from Mississippi,
Alabama, and South Carolina were maximum at 31.48°C, 28.4°C, and 37.5°C, respectively
(Leach et al., 2009). Rebois (1973) observed significant variability in the rate of reniform
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nematode parasitism and reproduction on soybean cultivars across five different temperatures
ranging from 15°C to 36°C. The author concluded 29°C favorable for reniform nematode
development on soybean, and no reproduction was observed at 15°C and 36°C. The responses to
hot water treatment under controlled environments showed a significant decline in reniform
nematode population with temperatures above 40°C, and finally death of the entire population at
50°C (Heald and Wayland, 1975). Lawrence et al. (2005b) found a linear decline of the reniform
nematode density at 4°C for 180 days in soil samples obtained from different locations. Besides
reproduction, a few studies have reported the movement of vermiform stages to varying
temperatures, but are mostly observed in sandy soils (Robinson, 1994; Robinson, 1995).
Robinson (1994) reported variation among five species of nematodes for vertical and horizontal
movement in response to temperature gradients generated across acrylic tubes filled with moist
sand. The author observed reniform nematode moving away from the warmer surface under both
vertical and horizontal oriented gradients, while root-knot nematodes moved towards the hot
surface. Further, Robinson (1995) determined a strong attraction of reniform nematode for
carbon dioxide (CO2) enriched micro-climate and concluded nematicide having (CO2) sources
mixed could potentially attract reniform nematodes. Heald and Wayland (1975) determined
reniform nematode responses to ultra-high frequency (UHF) electromagnetic energy at different
soil depths in the field and found maximum control at the depth up to 10 cm with
electromagnetic energy of 732 J cm-2.
Soil Salinity
In six cotton fields in Texas, Heald and Heilman (1971) found that the reniform
nematode population was not affected by salinity as they found an equal population in relatively
non-saline (4 mmhos cm-1) and highly saline soils (16.5 mmhos cm-1). However, the authors
29

observed a positive linear increase in reniform nematode infection and subsequent damage in
cotton with increasing soil salinity from 6 mmhos cm-1to 18 mmhos cm-1 in a greenhouse pot
experiment. In the greenhouse study, a number of females per g of the root were higher in nonsaline soils (EC of 2-6 mmhos cm-1) than in high salinity soils (EC 12-18 mmhos cm-1) due to
poor growth and development of roots in the saline soils (Heald and Heilman, 1971).
Management Strategies
Chemical Control
Nematicides such as 1,3-dichloropropene (1,3-D) (Dow AgroSciences LLC, Indianapolis,
IN), oxamyl (E.I. du Pont Canada Company, Mississauga, ON, Canada), acibenzolar-s-methyl
(Syngenta Crop Protection, Inc., Greensboro, NC), thiodicarb (Bayer CropScience, Research
Triangle Park, NC), AgLogic 15G (AgLogic Chemical, LLC, Gig Harbor, WA), Fluopyram 500
SC (Bayer CropScience LP, Research Triangle Park, NC), and abamectin (Syngenta,
Greensboro, NC) are effective in suppressing the population of reniform nematode and thus,
significantly contributes to increased lint yield in treated cotton (Faske and Hurd, 2015; Kinloch
and Rich, 1998; Overstreet, 2001; Koenning, 2002; Chinnasri et al., 2003; Komar et al., 2003;
Lawrence et al., 2005a; Sciumbato et al., 2005; Faske and Starr, 2006). The differences in their
modes of application like soil fumigation and foliar application provide farmers flexibility in the
use of nematicides for the control of nematodes. For instance, repeated use of the same
nematicide can lead to the selection of a soil microflora that metabolizes these compounds and
decreases their persistence (Gowen, 1997). Studies have also recognized the use of nematicides
enhances nematode control on plants that already have resistance to reniform nematode
(Chinnasri et al., 2003; Schrimsher et al., 2014). Schrimsher et al. (2014) observed 50% higher
control of nematode infection on resistant cotton genotypes than susceptible genotypes after the
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application of aldicarb. Nematicides have also been proven beneficial in reducing the reniform
nematode population in the continuous cotton system, especially during earlier times when crop
rotation was not an economically viable in cotton production in the U.S. (Lee et al., 2015).
Historically, studies have examined the efficacy of various nematicides mainly within the plow
layer viz. top 30 cm of soil where R. reniformis is considered detrimental to cotton yield
(Koenning, 2002; Komar et al., 2003; Overstreet, 2001; Sciumbato et al., 2004). Standard soil
fumigation practices involve chisel placement of soil fumigants like 1,3-dichloropropene (1,3-D)
at 20-40 cm soil depth (Gazaway et al., 1996; Lawrence and McLean, 2000; Overstreet and
Erwin, 2003). Arkansas Cooperative State Agricultural Extension Service in the US recommends
the use of nematicides in fields that have a population density ranging from 2 to 20
nematodes/cm3 within the plow layer, depending upon the states and time of year (Robinson et
al., 2005a). However, the variation in soil texture across the fields that contributes to the
variability in the distribution of the reniform nematode population limits the effective and
economic control of this nematode with a uniform rate of application at a given location. Ortiz et
al. (2012) showed that the effect of rate and type of nematicides were different for different
management zones, each of which represents distinct edaphic features including soil texture. To
combat this problem, Ortiz et al. (2012) designed site-specific management in which the
application of nematicides was based on management zones. According to this approach, the
fields are delineated into different management zones based on the edaphic features including
soil texture to minimize variation in reniform population across each zone. The zones having a
nematode population above an economic threshold level are identified. Effective control using
appropriate rates and types of nematicides can be selected for each management zone (Monfort
et al., 2007; Starr et al., 2007; Mueller et al., 2010; Ortiz et al., 2012; Davis et al., 2013).
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However, there is a certain limitation of using nematicides for nematode management in a realworld scenario. This involves high cost of soil fumigants, environmental problems, hazards to
human health, and lower efficiency of non-fumigant nematicides being highly dependent upon
the soil properties (Starr et al., 2007). Also, the resurgence of the reniform nematode population
above threshold level occurs in the following year limits the effective use of nematicides for
nematode management (Holguin et al., 2015).
Currently, most of the nematicide applications are focused on the suppression of the
reniform nematode population in upper layers of soil only. There is limited literature available on
the effective use of soil fumigants at deeper layers and its relative cost. As described above,
some studies have reported greater density of R. reniformis is in the deeper layers of soil than
plow layer in the cotton fields (Robinson and Cook, 2001; Newman and Stebbins, 2002; Lee et
al., 2003; Westphal et al., 2004; Lee et al., 2015), although limited by root growth (Westphal and
Smart, 2003; Robinson et al., 2005a, b; Robinson et al., 2006). Robinson et al. (2005a) observed
significantly higher yields in deep fumigated-plots with 1,3-D than shallow fumigated-plots.
Further, the study concluded that increased yields in deep-fumigated plots effectively offset the
cost involved in the manual as well as the chisel application of the soil fumigant (Robinson et al.,
2005a). Newman and Stebbins (2002) observed a reduction in the reniform nematode population
with the use of non-fumigant aldicarb in the deeper layers of soils, and relatively higher yields
obtained had offset the cost of application involved.
Cultural Control
Tillage
Tillage can be used to destroy cotton roots thereby reducing nematode reproduction and
survival during the off-season (Starr et al., 2007). In the lower Rio Grande Valley of Texas,
32

reduced tillage systems, i.e., no-till and ridge tillage systems, had higher numbers of reniform
nematodes as compared to conventional tillage systems in irrigated plots (Cabanillas et al.,
1999). However, no differences were obtained for the reniform nematode population between the
tillage systems under non-irrigated conditions (Cabanillas et al., 1999). In a field study in the
Mississippi Delta region, tillage systems (conventional or reduced-tillage), as well as planting
dates (April 1 or May 1), did not affect the reniform nematode populations in soil (Stetina et al.,
2010; Molin and Stetina, 2013). Westphal and Smart (2003) reported that reniform nematode
population density was lower in a reduced or no-till system as compared to conventional till
systems in a cotton-corn rotation at depths 60-120 cm, whereas no difference was found between
the two tillage systems at depth 0-60 cm.
Weed Management
The use of nematicides, or host-plant resistance can protect the host crop from reniform
nematode damage. However, there is a possibility that other plants growing in or near the crop
field, such as weeds can support nematode growth and, thus, help in increasing their population
over time. It is, therefore essential to know weed species which are excellent hosts of reniform
nematode, to control such weeds to manage reniform nematode populations. Some of the weeds
common to cotton and soybean production in the southern US are also moderate to excellent
hosts to reniform nematode, including morning glory species, Florida beggarweed (Desmodium
tortuosum), pigweed species, sicklepod (Senna obutifolia) (Davis and Webster, 2005). In a
greenhouse study, pigweed, prickly sida (Sida spinosa L.), Florida pusley (Richardia scabra L.),
cutleaf evening primrose (Oenothera laciniata Hill.), yellow nutsedge(Cyperus esculentus L.),
and common cocklebur were found to be either poor or non-hosts for R. reniformis (Davis and
Webster, 2005). In the Mississippi Delta region, 53 plant species were tested in greenhouse and
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field studies for susceptibility to reniform nematode by Molin and Stetina (2016). Sicklepod
(Senna obtusifolia), spurred anoda (Anoda cristata), entire leaf morning glory (Ipomoea sp.), and
velvetleaf (Abutilon theophrasti) were found to be excellent hosts for reniform nematode in the
Mississippi Delta (Molin and Stetina, 2016), whereas purple (Cyperus rotundus) and yellow (C.
esculentus) nutsedges were poor hosts (Molin and Stetina, 2016).
Similarly, the low susceptibility of yellow and purple nutsedge to reniform nematode
compared to cotton and other weeds was also reported by Lawrence et al. (2008). In a
greenhouse study, Lawrence et al. (2008) found that most of the dicotyledonous weed species
evaluated were hosts of reniform nematode, whereas the monocots weeds were non-hosts.
Lawrence et al. (2008) concluded that broadleaf weed management for the whole season during
the corn phase in the cotton-corn rotation was necessary to effectively suppress reniform
nematode populations.
Crop Rotation
Apart from cotton, good hosts for reniform nematode among the cultivable crops include
castor (Ricinus communis), cowpea (Vigna unguiculata), papaya (Carica papaya), okra
(Abelmoschus esculentus), brinjal (Solanum melongena), tomato (Solanum lycopersicum),
pineapple (Ananas comosu), and pigeon pea (Cajanus cajan) (Khan, 2005). The use of crop
rotation with non-hosts like corn (Zea mays), peanut (Arachis hypogaea), sorghum (Sorghum
bicolor), and resistant cultivars of soybean (Glycine max) has shown a reduced impact of R.
reniformis on upland cotton grown in the U.S. (Gazaway et al., 2000; Davis et al., 2003;
Koenning et al., 2004; Reddy et al., 2006; Stetina et al., 2014). Historically, poor stand
establishment of cotton following corn and root-knot nematode infestation on corn were the
issues related to the acceptance of cotton-corn rotation as a management practice to control R.
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reniformis in cotton (Lee et al., 2015). Because nematode populations differ in their hostsuitability, cotton rotation with different non-host every year will likely check the overpopulation
of specific nematode populations. Leach et al. (2012) identified variability in the genotypic
structure of the reniform nematode population among different crop rotations, with maximum
diversity in rotations that included susceptible or resistant soybean cultivars. The authors
emphasized the significance of understanding the population responses to crop rotation
sequences for integrated nematode management.
Cover Crops
Cover crops (CC) are usually grown during the off-season in winter due to multiple
benefits provided by them including a reduction in erosion and plant diseases, improved soil
physical properties, increased soil organic matter, and microbial activity and improvement in
water quality through a reduction in leaching of nutrients such as nitrogen and phosphorus. Most
of the previous studies on cover crops’ effects in cotton production have focused on cotton yields
(Touchton et al., 1984; Bauer et al., 1993; Nyakatawa and Reddy, 2000; Nyakatawa et al., 2001),
nitrogen (Zablotowicz et al., 2011) and weed management (Norsworthy et al., 2011). However,
limited information is available on the influence of CC for nematode control in cotton (Davis et
al., 2000; Wang et al., 2002). Plant-parasitic nematodes can be controlled by cover crops, which
are either poor hosts that restrict their reproduction and multiplication by denying adequate food
supply or by cover crops that produce allelopathic chemicals (McSorley et al., 1994; Halbrendt,
1996; Rodriguez-Kabana et al., 1998).
Both negative and positive results have been observed in the control of reniform
nematode populations in cotton following cover crops (Gazaway et al., 2000; Jones and McLean,
2004; Jones et al., 2006; Asmus et al., 2008). Jones et al. (2006) tested 31 winter cover-crops and
35

varieties in greenhouse and field studies in Alabama and Mississippi to identify their host status
to the reniform nematode. In greenhouse study, radish (Raphanus raphanistrum), black mustard
(Brassica nigra), white mustard (Sinapis alba), canola (Brassica napus), Lupin (Lupinus luteus),
ryegrass (Lolium sp.), wheat (Triticum aestivum), oats (Avena sativa), and rye (Secale cereal)
had reproduction factor values of less than 1 indicating that they were poor hosts for reniform
nematode. In contrary, the hairy vetch (Vicia villosa), crimson clover (Trifolium incarnatum),
Cahaba white clover (Trifolium repens), and subterranean clover (Trifolium subterraneum) were
shown to be good hosts for reniform nematode in the greenhouse study (Guertal et al., 1998;
Jones et al., 2006), but not in micro-plot and field studies under natural climatic conditions
(Jones et al., 2006). In a greenhouse study conducted in Alabama by Rodriguez-Kabana et al.
(1998), velvet bean (Mucuna deeringiana), sword bean (Canavalia ensiformis), hairy indigo
(Indigofera hirsuta), and sesame (Sesamum indicum) were found be either non-hosts or poor
hosts for the nematode.
In the Mississippi Delta region, Molin and Stetina (2013) reported that a rye (Secale
cereale L.) cover crop did not affect reniform nematode populations, but it reduced cotton yields.
In a greenhouse study conducted in Brazil, Asmus et al. (2008) determined cover crops like oat
(Avena sativa), Mulato grass (Brachiaria ruziziensis), oilseed radish (Raphanus sativus), tef
(Eragrostis tef), foxtail millet (Setaria italic), black oat (Avena strigose), pearl millet
(Pennisetum glaucum), finger millet (Eleusine coracana), and forage sorghum as poor hosts for
reniform nematode. In the field study, Asmus et al. (2008) reported that Mulato grass, oil radish,
and forage sorghum cover crops significantly reduced reniform nematode populations in the
following cotton crop. However, higher cotton fiber yield was obtained only from Mulato grass
or sorghum cover crops.
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Development and Use of Tolerant or Resistant Cultivars
The development of tolerant cultivars may be another management strategy to reduce
losses caused by a reniform nematode in cotton. Tolerance describes the degree of damage
caused by nematodes to the plant and can be determined based on the difference in plant growth,
or yield of nematicide treated plants than non-treated plants (Cook et al., 1987; Usery et al.,
2005). Tolerance to R. reniformis has been successfully identified in cotton through screening
technique (Jones et al., 1988; Cook et al., 1997; Koenning et al., 2000; Cook and Robinson,
2005; Blessitt et al., 2012), but little effort has been made to classify the available cultivars into
different levels of tolerance. Cook et al. (2003) indicated the substantial effort made by the
public and private sector of developing tolerance in commercial cotton cultivars for reniform
nematode along with improvement in lint yields. However, the identified tolerance in
commercial cultivars provides benefits for the short term only, and farmers encounter damage by
R. reniformis on subsequent crops (Blessitt et al., 2012).
The development of resistant cultivars may provide a permanent solution to the problem
(Blessitt et al., 2012). Plant resistance to nematode can be defined as the effect of the plant that
reduces the nematode population either by limiting infection or by inhibiting nematode fecundity
or both (Cook et al., 1987). Resistant plants can acquire certain histological changes like lack of
hypertrophy of the syncytial cells, the collapse of endodermal cells, and rapid degeneration of
syncytia (Rebois et al., 1970; Rebois et al., 1975; Carter, 1981; Agudelo et al., 2005). A number
of reniform nematode resistance genes have been identified in several lines of G. longicalyx, G.
barbadense, G. aridum, G. arboreum, G. herbaceum, and G. thurberi (Carter, 1981; Baird et al.,
1996; Cook et al., 1997; Robinson and Percival, 1997; Asmus et al., 2008; Erpelding and Stetina,
2018). Being tetraploid, resistance from G. barbedense can easily be introgressed into upland
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cotton using conventional breeding approaches (Khanal, et al., 2017). A review by (Khanal, et
al., 2017) reported an impressive results observed with > 50% inhibition of reniform nematode
reproduction in the plots where G. barbadense accessions including TAM RKRNR-9 (PI
662039), TAM RKRNR-9 (PI 662040) (Starr et al., 2011), GB-713 (PI 608139) (Robinson et al.,
2004) were planted. But the exploitation of the resistant lines for the development of resistant
commercial cultivars is still in progress (Koenning et al., 2004; Usery Jr et al., 2005; Starr et al.,
2007; Weaver et al., 2007; Stetina et al., 2014; Stetina, 2015). Possible reasons may include a
greater degree of intraspecific as well as interspecific variability, and location-specific behavior
of R. reniformis in terms of morphology, reproduction, and pathogenicity (Agudelo et al., 2005;
Stetina et al., 2014; Lee et al., 2015; Khanal et al., 2017). The identification of markers
associated with R. reniformis resistance identified in recent mapping studies has assisted in
developing resistance (Han et al., 2006; Guo et al., 2007; Mergeai et al., 2009). These studies
have successfully identified the location of the reniform nematode-resistant locus that could be
introgressed into commercial cultivars.
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CHAPTER III
PHYSIOLOGICAL AND AGRONOMIC CHARACTERIZATION OF COTTON
GENOTYPES SUSCEPTIBLE AND RESISTANT TO ROTYLENCHULUS
RENIFORMIS IN THE US MIDSOUTH
Abstract
Cotton genotypes resistant to reniform nematode (RN) have been recently developed to
reduce yield losses from RN, yet little is known of their agronomic and physiological responses
under field conditions. This research was conducted to determine if RN populations, cotton
development, and productivity vary among RN resistant (Gossypium barbadense introgressions;
08SS110-NE06.OP and 08SS100) and susceptible cotton genotypes (Deltapine 16 and PHY 490
W3FE) in environments infested with RN. The effects of RN resistance genotypes on nematode
populations, cotton growth and development, and yield were evaluated from 2017-2018 in fieldplots naturally infested with RN populations exceeding economic thresholds for Mississippi
(~473 nematodes kg-1 soil). Growth analysis was conducted at 1- or 2-week intervals starting
from 4 weeks after planting (WAP) to 12 WAP. Soil samples were taken from the top 40-cm soil
depth before planting and after harvesting to determine reniform nematode populations. The
cotton genotypes exhibited higher agronomic and physiological traits, including plant height,
main stem nodes, leaf area, net photosynthetic rates, and hand-picked lint yields in 2018
compared to 2017. Similarly, the RN population was higher at study location in 2018 than in
2017. The three-parameter sigmoidal functions best described (r2 = 0.95 to 0.99) growth of
cotton genotypes along the season, but no differences were observed for plant growth rates
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among genotypes. Post-harvest RN populations significantly increased in plots grown with
susceptible cotton genotypes, while RN reproduction was inhibited resulting fewer number RN
in the resistant genotypes-grown soils. Despite growing under higher RN pressure, susceptible
genotype PHY 490 W3FE showed comparable yields to 08SS100 in 2017 and 08SS110NE06.OP in 2018, respectively. The information could be useful to modify agronomic practices
for managing reniform nematode using host plant resistance in cotton.
Introduction
Cotton (Gossypium hirsutum L.) and reniform nematode (Rotylenchulus reniformis
Linford and Oliveira) share a long history in Mississippi, where cotton has been cultivated since
the eighteenth century, and this pest has been reported as an essential yield-limiting factor
(Robinson, 2007). The reason behind this shared history is the ecological conditions of
Mississippi, which are conducive to both cotton cultivation and reniform nematode (RN)
reproduction (Gazaway and McLean, 2003; Moore and Lawrence, 2013, Robinson, 2007).
Secondly, cotton monoculture was practiced from the nineteenth century to the early 2000s,
which resulted in wide adaptation of RN to changing region-specific factors and agronomic
practices along this timeframe (Robinson, 2007). These practices led to the resurgence of RN
above economic thresholds every year in cotton fields despite the use of management practices
for the control of RN (Davis et al., 2003; Gazaway et al., 2000; Holguin et al., 2015; Plunkett et
al., 2003). Current management strategies involve (1) the use of nematicides (Chinnasri et al.,
2003; Faske and Starr, 2006; Lawrence and McLean, 2000), and (2) crop rotation with non-hosts
crops like corn (Zea mays) and peanut (Arachis hypogaea) (Khan, 2005; Davis et al., 2003;
Leach et al., 2012; Lee et al., 2015; Holguin et al., 2015). However, the benefits from these
strategies last for only a season and farmers must invest in exploiting these tactics for
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management of RN every year (Holguin et al., 2015; Koenning et al., 2004; Westphal and Smart,
2003). Also, past studies have reported up to 8 % of annual cotton losses attributed to RN under
available control practices (Blessitt et al., 2012; Gazaway and McLean, 2003). The high input
cost associated with RN management, along with additional pressures from other pests and
abiotic stresses, has made cotton production difficult. At the same time, increased net returns
with lower input costs in corn (Zea mays L.) or soybean (Glycine max (L) Merr) production have
further reduced the cotton acreage in Mississippi. In a corn or soybean production system, the
crop is either a poor host to RN or resistance is an option for farmers.
Plant resistance to nematodes can be defined as the plant’s ability to hinder the nematode
populations either by restraining infection and/or inhibiting nematode fecundity (Cook et al.,
1987). The use of resistant cultivars may provide a long-term solution to the problem of RN in
cotton production (Blessitt et al., 2012). Unfortunately, the development of resistant commercial
cultivars in cotton is still in progress (Koenning et al., 2004; Stetina, 2015; Usery et al., 2005;
Weaver et al., 2007), which leaves farmers with no choice but to grow cultivars susceptible to
RN. This contrasts with other major host crops of the region, such as soybean, where farmers
have options to grow cultivars resistant to RN (Stetina et al., 2014). A number of resistance
genes to RN were identified in several Gossypium species such as G. longicalyx, G. barbadense,
G. aridum, G. arboreum, G. herbaceum, and G. thurberi (Khanal et al., 2017; Erpelding and
Stetina, 2018). Past studies have revealed some histological changes such as collapse of
endodermal cells, rapid degeneration of syncytia, and lack of hypertrophy of the syncytial cells,
indicating a resistant reaction following infection by RN (Agudelo et al., 2005). Being both
tetraploid species, the introgression of resistance genes from G. barbadense into G. hirsutum and
development of resistant lines was easier and more successful using conventional breeding
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approaches when compared to other Gossypium species (Khanal et al., 2017). Although, studies
in the past have revealed impressive results with > 50% inhibition of RN on the G. barbadense
introgressions, the existence of intraspecific variability, and location-specific behavior of RN in
terms of morphology, reproduction, and pathogenicity hindered deployment of the resistant
germplasms (Agudelo et al., 2005; Khanal et al., 2017; McGawley et al., 2010). Further, the lack
of multiple replications during screening tests limits the validity of the results obtained in past
studies (Khanal et al., 2019). Recent studies have traced the RN resistance locus on the
chromosome of the developed germplasm lines back to its resistance source through the
utilization of marker-assisted breeding (Guo et al., 2007; Han et al., 2006).
Being an excellent host of RN, studies have successfully determined morphological and
physiological changes to RN infection at different growth and development stages of cotton. The
morphological changes included stunted growth, fewer secondary roots, decreased shoot to root
weight ratio, formation of syncytia at the feeding site (roots), smaller green leaves, compact and
hard mesophyll tissue with smaller intercellular spaces, delayed maturity, and reduced boll size
(Gausman et al., 1975; Lambe and Horne, 1963; Jones et al., 1959; Moore and Lawrence, 2013).
Physiologically, a RN infected plant showed lower chlorophyll content, reduced leaf reflectance,
higher leaf water content, increased light absorption, decreased leucine content in seed, and
increased activities of P-peroxidase, G-peroxidase, and catalase associated with systemic
acquired resistance to RN (Aryal et al., 2011; Gausman et al., 1975). Certain responses to RN
such as stunting and higher root /shoot ratio were more pronounced on cotton seedlings than at
later stages of crop growth and development (Khan, 2005; Lambert and Bekal, 2002; Tu et al.,
2003), primarily due to synergistic interaction between RN with other soil-borne pathogens such
as Fusarium solani and abiotic stresses like chilling (Palmateer et al., 2004). These synergistic
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interactions may lead to wilting, uneven, and poor stand establishment and ultimately reduces
lint yields (Koenning et al., 2004). Location-specific behavior of RN also demands multiple
repetitions of field trials in a range of environments to validate specific lines resistant to RN.
The cotton plant typically follows sigmoidal growth and development throughout the
season which is affected both by genotype and environment (Oosterhuis, 1990). Past studies
have used either a classical or a functional approach to describe growth (Hunt et al., 2003). The
functional approach involves curve fitting methods where growth and development data are
obtained from individual harvest and fitted in a curve to define instantaneous growth rate (Hunt
et al., 2003). The data can be obtained at frequent intervals (~1 week) with less harvest (1 to 2 m
section) with best fitted curve applied (Poorter, 1989). The growth rate obtained from growth
analysis along with primary growth and development data such as leaf area, main stem nodes,
plant height, dry biomass, and yields have been widely used to determine genotypic differences
in the past (Singh et al., 2018a; Virk et al., 2019; Liu et al., 2019; Shu et al., 2007). Likewise, the
contribution of physiological responses like net photosynthesis, internal carbon dioxide, and
stomatal conductance to genotypic differences in cotton has been well recognized (Singh et al.,
2018b; Snider et al., 2010; Chastain et al., 2014; Chastain et al., 2016). Such growth and
physiological traits have also been used to determine degree of stress tolerance across wide
germplasm of cotton (Karademir et al., 2012; Abro et al., 2015; Pettigrew; 2016; Singh et al.,
2018a).
The overall objective of this study was to determine if RN populations, cotton
development, and productivity vary among RN resistant and susceptible cotton genotypes in
environments infested with RN. The study hypothesized that RN resistant cotton lines would
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exhibit superior growth and yield than sensitive cultivars when grown in RN-infested fields of
the Mississippi Delta.
Materials and Methods
Two field experiments were planted on May 10 and 23 in 2017 and 2018, respectively, at
the Mississippi State University’s Delta Research and Extension Center, Stoneville, Mississippi
to evaluate four cotton genotypes that included new, resistant upland cotton lines (Gossypium
barbadense introgressions; 08SS110-NE06.OP and 08SS100) to RN along with a susceptible
genetic standard (Deltapine 16) and a commercial, susceptible cultivar (PHY 490 W3FE; Dow
AgroSciences LLC, Indianapolis, IN). All the four genotypes were planted on a silty-loam
textured soils in both years that were naturally infested with reniform nematode at densities that
met or exceeded the economic threshold for Mississippi (~473 nematodes kg-1 soil) (Robinson,
2007).
The experiments were organized in a completely randomized design such that four
replications of four genotypes were randomly planted in 16 plots. Cotton seeds were planted at
the rate of 13.1 seeds per row meter on each plot consisting of eight rows, 12 m long each, with
an inter-row spacing of 1.061 m. Fertilization, weed, and pest management were conducted
according to the Mississippi State University Extension Service recommendations (Oldham,
2011; Catchot et al., 2016; Bond et al., 2018). To maintain optimum water conditions near to soil
field capacity (10-30 centibars), the plots were irrigated based on soil water potential recorded
using Watermark 200SS (Irrometer Company, Inc., Riverside, CA) sensors placed at 15, 30, 60,
and 91-cm soil depth. Four replications of each sensor set were installed randomly across the
study location at the time of planting, and plots were irrigated when the soil water potential
exceeded 30 centibars. In total, irrigation was only needed once in each year due to timely
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rainfall. Upon boll maturity, determined from node above cracked boll method described by
Dodds et al. (2014), the crop was defoliated using Folex 6 EC (AMVAC® Chemical Corporation,
US) at the rate of 311 mL acre-1 to facilitate harvesting in both the years.
Measurements
Weather and climatic data
The climatic (2013-2018) and weather data for the growing seasons (2017 and 2018) at
the study location were obtained from Delta Agricultural Weather Center located at the Delta
Research and Extension Center in Stoneville, Mississippi (Silva, 2016). The data include average
values for maximum and minimum temperatures and monthly totals for precipitation for 2017
and 2018 growing seasons along with long-term averages.
Reniform nematode population measurements
Populations of reniform nematodes were extracted from soil samples collected one day
before planting (pre-planting) and one day after harvest (post-harvest) in both the years. Initially,
ten soil samples were taken from center two rows at random points throughout the plot using
standard soil probe (2 cm diameter) from the upper 40-cm of topsoil. The soil samples collected
per plot were mixed, and then 200 g of final soil sub-sample was processed using standard
elutriation and sucrose centrifugation protocols (Byrd et al., 1976; Jenkins, 1964) for reniform
nematode analysis. Vermiform reniform nematodes were counted at a magnification of 40X
using an inverted microscope. Total population per 200 g soil samples determined were then
converted to RN populations kg-1 of soil for statistical analysis.
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Physiological measurements
The physiological measurements were determined on the uppermost fully expanded leaf
per plant selected at random in each plot at every 1- or 2-weeks interval starting from 5 weeks
after planting (WAP) up to 11 WAP. The gas exchange parameters such as leaf transpiration
rates (E), net photosynthesis (A), internal carbon dioxide concentration (Ci), and stomatal
conductance (gsw)were measured using a LI-6800 portable photosynthesis system (Li-Cor,
Lincoln, NE). These measurements were determined between 10:00 and 14:00 h with the
chamber set at air temperature equal to the daytime air temperature, photosynthetically active
radiation of 2000 μmol m-2 s-1, flow rate of 600 μmol s-1, relative humidity of 60%, and sample
CO2 concentration of 400 ppm.
Growth and developmental measurements
Two meters of each plot were selected randomly for destructive harvesting in 1- to 2week increments starting from 4 weeks after planting (WAP) to 12 WAP. Plants were cut at the
soil level and placed in sealed plastic bags before being stored under refrigeration. Data collected
included leaf area (using LI-COR 3100 leaf area meter; LI-COR, Lincoln, NE), plant height
(PH), main stem nodes (MSN), and fruit number (FN; calculated as the sum of squares, flowers,
and bolls). The PH and MSN were recorded as averages per plant for a two-meter, while other
parameters were recorded as averages per square meter. Plant material was then placed in a
forced-air dryer oven at 80 °C for 48 hours. Dry weights of leaf (LDW), stem (SDW) and fruits
(FDW) were then recorded. The total dry weight was calculated by the summation of LDW,
SDW, and FDW.
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End-of-season yield component measurements
Upon defoliation, two meters of each plot were hand-harvested at 21 WAP in both the
years for the yield and yield component measurements (boll weight, boll number, gin turnout,
and seed percentage) before machine harvesting at 22 WAP. Hand-picked lint yield was obtained
from the two-meter of rows that were not used for destructive harvesting during the season.
Machine harvested lint yield was also obtained from same rows. The hand-picked lint yields
were later added to machine-harvested lint yields. Both hand-picked and machine-harvested lint
yields were converted into kg ha-1 for statistical analysis.
Statistical Analysis
The experimental plots were arranged in a completely randomized design with four levels
of factor genotype replicated four times. Data collected during the season were analyzed using
repeated measures analysis (Mixed Model) procedure in JMP Pro 12.0 (SAS Institute, Cary,
NC). The data was arranged in a stacked format in JMP Pro 12.0 before performing repeated
measures analysis using a mixed model. Genotype, weeks after planting, and year were
designated as fixed effects in a mixed effect model for plant morphological and physiological
traits measured during the season. Genotype, sampling time, and year were designated as fixed
effects in a mixed effect model for the reniform nematode population. Replication was
considered random effect and was nested within genotype. Post hoc differences were determined
using Fisher’s Least Significant Difference (α = 0.05).
Data collected for yield- and yield-components were analyzed using a mixed-effects
ANOVA procedure in JMP Pro 12.0 (SAS, Cary, NC). Genotype and year were considered as
fixed effects, and replication was considered a random effect. The means were separated using
Fisher’s Protected Least Significant Difference (α = 0.05).
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Sigma Plot 13 (Systat Software, Inc., San Jose, CA) was used to generate figures. Growth
data over time for cotton genotypes were best fitted (r2 = 0.95 to 0.99) to a three-parameter
sigmoidal function [Eq. (3.1)] in Sigma Plot 13 to generate estimates of growth at time x (a),
time to reach 50% of maximum estimated growth (x0), and rate of function (b).
Y = a /(1 + e(−(x − x0)/b))

(3.1)

In subsequent sections of the results, for brevity, if no significant effects of any treatment
or interaction term were observed for a given parameter, the parameter was not addressed. In
situations where interactions between treatments were significant, we addressed the interaction
rather than the main effects (See Table 3.1, Table 3.2, and Table 3.3).
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Table 3.1

Effects of year, genotype, weeks after planting, and their interaction on agronomic
and physiological traits of cotton.

WAP
YxG
Y x WAP x G
Trait
Y
G
Y x WAP G x WAP
PH
*** ***
***
***
***
***
ns
***
**
**
ns
MSN
*** **
***
***
*
ns
ns
LA
*** **
***
ns
FN
*** **
***
ns
***
***
***
*
*
ns
LDW
*** **
**
***
*
***
ns
SDW
*** ***
**
***
ns
***
ns
FDW
*** ***
***
***
***
*
ns
TDW
*** ***
***
***
ns
ns
ns
E
ns† ns
***
***
ns
ns
ns
A
*** ns
***
***
ns
ns
ns
Ci
*
ns
***
***
*
ns
ns
gsw
ns
ns
***
* The significance level P ≤ 0.05.
** The significance level P ≤ 0.01.
*** The significance level P ≤ 0.001.
† The significance level ns represents P > 0.05
Year (Y), genotype (G), weeks after planting (WAP), plant height (PH), main stem nodes
(MSN), leaf area (LA), number of fruits (FN), leaf dry weight (LDW), stem dry weight (SDW),
fruit dry weight (FDW), total dry weight (TDW), transpiration (E), net photosynthesis (A),
internal carbon dioxide (Ci), and stomatal conductance (gsw).
Table 3.2

Effects of year (Y), genotype (G), sampling time (T), and their interaction on
reniform nematode population (RN) measured during cotton growing seasons.

Trait

Y

G

T

YxG

YxT

GxT

YxTxG

RN

**

ns†

ns

ns

ns

**

ns

** The significance level P ≤ 0.01.
† The significance level ns represents P > 0.05
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Table 3.3

Effects of year (Y), genotype (G), and their interaction on cotton yield and yield
components.

Parameters
Y
Boll weight
*
Boll number
*
Gin turnout
***
Seed percentage
***
Seed weight
***
Hand-picked lint yield
***
Machine-harvested lint yield
ns†
* The significance level P ≤ 0.05.
*** The significance level P ≤ 0.001.
† The significance level ns represents P > 0.05

G
***
***
***
***
***
***
ns
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YxG
ns
***
*
*
ns
***
ns

Results
Climate conditions during the growing season
The maximum and minimum air temperatures at the study location for the 2017 growing
season were similar to the 2018 growing season except in May (Figure 3.1A). The May
maximum and minimum air temperatures in 2017 were lower than 2018 by 4.28 and 2.78 °C,
respectively. Also, six-year (2013-2018) averaged air temperatures were similar to both the years
from June to October (Figure 3.1A). The averaged maximum and minimum temperatures for the
entire growing season of 2017 were 30.09 and 18.56 °C. The averaged maximum and minimum
temperatures for 2018 were 31.27 and 19.92 °C, and six-year averages (2013-2018) were 31.54
and 20.26 °C, respectively (Figure 3.1A).
The year 2017 was wetter during entire growing season, i.e., May to October, compared
to 2018 such that May, June, July, August, September, and October received 59.94, 55.63,
100.58, 99.82, 66.29, and 71.37 mm higher rainfall in 2017, respectively, compared to 2018
(Figure 3.1B). The total rainfall received in 2017 was 860.30 mm which was 453.64 mm more
rainfall than received in 2018 (404.65 mm). In 2017, the months of July and August received
higher rainfall followed by September and October, and the lowest rainfall was received during
the early growing season, i.e., in May and June. Whereas rainfall in 2018 was evenly distributed
across the growing season with each month received an averaged rainfall of 67.78 mm. The
months of July to October 2017 were wetter compared to historic six-year (2013-2018). In
contrast, the entire growing season of 2018 was dry for most of the part compared to six-year
(2013-2018) averaged rainfall received at the study location. The monthly averaged rainfall
received from May to October in 2017, 2018, and past six years (2013-2018) were 143.38, 67.88,
and 107.99 mm, respectively, at the study location (Figure 3.1B).
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Figure 3.1

Average monthly air temperature (A) and precipitation (B) data recorded in 2017
and 2018, and historical averages of 6 years (2013-2018) at the study location.

Reniform nematode population
Reniform nematode population differed (P > 0.05) between the the two growing seasons
(Table 3.4). Significant year effect and genotype by sampling time effects were observed for RN
population (Table 3.2). The field soils in 2017 had significantly lower RN population by 800.78
RN kg-1 than 2018 (Table 3.4). No differences in the pre-plant RN population were observed
among genotypes. The averaged pre-plant RN population was 1803.77 RN kg-1 in the present
study. In contrast, the post-harvest RN population was significantly different among genotypes.
The plots grown with susceptible genotypes had higher RN population by 1725.91 RN kg-1 than
plots grown with resistant genotypes (Table 3.4). Further, RN population increased by 1522.41
RN kg-1, on average, in the plots grown with susceptible genotypes along the growing season. In
contrast, no differences in pre-plant and post-harvest RN populations were observed in plots
grown with resistant genotype 08SS110-NE06.OP. The post-harvest RN population was
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significantly decreased by 1110.69 RN kg-1 than pre-plant RN population in the plots grown with
resistant genotype 08SS100 (Table 3.4).
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Table 3.4
Year

Mean reniform nematode population (RN) measured at pre-planting and postharvesting times during the cotton growing season.
Genotypes

Time

RN
nematodes kg-1
2017
1601.63b†
2018
2402.41a
08SS110-NE06.OP
1671.91
08SS100
1732.14
Deltapine 16
2228.37
PHY 490 W3FE
2375.64
Pre-plant
1803.77
Post-harvest
2200.26
2017
08SS110-NE06.OP
1408.24
2017
08SS100
1209.89
2017
Deltapine 16
2042.94
2017
PHY 490 W3FE
1745.42
2018
08SS110-NE06.OP
1935.58
2018
08SS100
2254.39
2018
Deltapine 16
2413.79
2018
PHY 490 W3FE
3005.85
2017
Pre-plant
1626.42
2017
Post-harvest
1576.83
2018
Pre-plant
1981.13
2018
Post-harvest
2823.68
08SS110-NE06.OP
Pre-plant
1846.02bc
08SS100
Pre-plant
2287.49ab
Deltapine 16
Pre-plant
1462.56bc
PHY 490 W3FE
Pre-plant
1619.03bc
08SS110-NE06.OP
Post-harvest
1497.81bc
08SS100
Post-harvest
1176.80c
Deltapine 16
Post-harvest
2994.17a
PHY 490 W3FE
Post-harvest
3132.25a
† The same letter within a column indicates no significant difference (P> 0.05) for a given factor
or combination of factors. The means were separated using Fisher’s Protected Least Significant
Difference (α = 0.05).
Data are means of: n = 32 for Y, n = 16 for genotype, n = 32 for T, n = 8 for Y x G, n = 16 for Y
x T, and n = 8 for G x T.
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Physiological traits
The present study observed significant year by weeks after planting (Y x WAP)
interaction effects on physiological characteristics including E, A, Ci, and gsw (Table 3.1). In
2017, the transpiration rates (E) of genotypes used in this study were higher when crops were
close to maturity, i.e., 11 WAP (20149.75 µmol m⁻² s⁻¹), compared to the growth period before
it, i.e., 5 to 9 WAP in 2017 (Table 3.5). Whereas in 2018, E at week 11 after planting (13084.79
µmol m⁻² s⁻¹) exhibited significantly lower E than 6 to 9 WAP, which were not different from
each other for E and averaged 17011.26 µmol m⁻² s⁻¹ (Table 3.5). Further, E observed at 6, 7,
and 11 WAP in 2018 were comparatively higher than 2017, while reverse true at 5 WAP. No
changes in E were observed at 9 WAP across two growing seasons and averaged 17093.06 µmol
m⁻² s⁻¹. The net photosynthetic rates (A) significantly increased along the season in 2017 such
that week 5, 6, and 7 after planting were not significantly different from each other but exhibited
lower A than week 9 and 11 after planting (Table 3.5). In contrast, A at 6 and 7 WAP were
higher than 5, 9 and 11 WAP in 2018, and also exhibited highest A, 47.40 µmol m⁻² s⁻¹ on
average, among all combinations of Y x WAP. The A remained unchanged over two years at 9
WAP (40.79 µmol m⁻² s⁻¹). The leaf internal carbon dioxide concentration (Ci) measured at 6
WAP was significantly higher than 5 WAP in both years (Table 3.5). However, Ci at 6 WAP
(295.03 µmol mol⁻¹) in 2018 was significantly smaller than 6 WAP (314.55 µmol mol⁻¹) in
2017, but not different than 5 WAP (284.41 µmol mol⁻¹) in 2017. Similar to E and A, Ci did not
change at 9 WAP over two years and averaged 322.79 µmol mol⁻¹ (Table 3.5). Cotton genotypes
showed no variability for Ci and had an averaged Ci of 302.29 µmol mol⁻¹, likewise observed for
A and E. In contrast to A, Ci was significantly higher in 2017 (306.85 µmol mol⁻¹) compared to
2018 (297.72 µmol mol⁻¹). The study also observed significant Y x G effects on gsw such that
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Deltapine 16 showed higher gsw in 2018 (1.17 Pa) than 2017 (0.95 Pa), while gsw did not change
in other genotypes across two growing seasons (Table 3.5). The gsw was significantly lower in
2017 at 6 and 7 WAP when compared to 2018, while reverse was true for 5 and 11 WAP. No
change in gsw was observed at 9 WAP across growing seasons, likewise observed for E, A, and Ci
(Table 3.5).

66

Table 3.5
Year

Mean physiological traits of cotton measured during the 2017 and 2018.
Genotypes

WAP

2017
2018
08SS110
8SS100
DP 16
PHY 490
5
6
7
9
11
2017
2017
2017
2017
2018
2018
2018
2018
2017
2017
2017
2017
2017
2018
2018
2018
2018
2018

08SS110
8SS100
DP 16
Phy490
08SS110
8SS100
DP 16
PHY 490

08SS110
8SS100
DP 16
PHY 490
08SS110
8SS100
DP 16

5
6
7
9
11
5
6
7
9
11
5
5
5
5
6
6
6

E
µmol m⁻² s⁻¹
14831.14
14591.33
14883.63
14970.45
14744.47
14246.38
10095.99c
15815.26a
13934.59b
17093.06a
16617.27a
14635.67
15382.50
14127.99
15178.42
15131.60
14558.41
15360.96
13314.33
11353.92de
14098.42c
11145.81e
17407.80b
20149.75a
8838.05f
17532.11b
16723.36b
16778.32b
13084.79cd
11540.02
11776.79
8777.07
8290.06
14843.93
16670.23
16462.71
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A
µmol m⁻² s⁻¹
37.87b
42.06a
41.08
40.07
40.48
38.22
34.31c
40.14b
39.14b
40.79b
45.45a
38.21
38.48
37.42
37.39
43.96
41.66
43.55
39.05
34.63c
31.93c
31.83c
41.33b
49.66a
33.99c
48.34a
46.46a
40.24b
41.25b
36.71
36.90
33.15
30.47
38.09
38.97
41.41

Ci
µmol mol⁻¹
306.85a
297.72b
303.16
306.44
303.91
295.62
269.53c
304.79b
311.36ab
322.79a
302.96b
305.48
314.93
301.57
305.41
300.84
297.96
306.24
285.83
284.41c
314.55b
289.95c
323.27ab
322.06ab
254.64d
295.03c
332.76a
322.31ab
283.85c
283.28
278.97
262.33
253.52
300.14
315.02
310.41

gsw
Pa
1.01
1.05
1.06
1.01
1.06
0.99
0.60c†
0.96b
1.14a
1.24a
1.20a
1.02ab
1.02ab
0.95b
1.05ab
1.10ab
1.00ab
1.17a
0.92b
0.70de
0.85d
0.63ef
1.27b
1.60a
0.51f
1.06c
1.65a
1.21bc
0.80d
0.72
0.71
0.51
0.47
0.87
1.01
1.04

Table 3.5 (Continued)
Year

Genotypes

WAP

E
A
Ci
gsw
µmol m⁻² s⁻¹
µmol m⁻² s⁻¹ µmol mol⁻¹
Pa
PHY 490
6
15284.18
42.09
293.59
0.90
08SS110
7
13312.51
40.16
302.80
1.08
8SS100
7
14308.78
37.86
319.19
1.09
DP 16
7
14351.28
41.44
313.61
1.27
Phy490
7
13765.79
37.10
309.83
1.11
08SS110
9
17434.36
42.34
325.17
1.36
8SS100
9
17049.16
41.02
321.64
1.20
DP 16
9
17186.48
42.17
323.36
1.25
PHY 490
9
16702.23
37.60
320.99
1.15
08SS110
11
17287.35
48.12
304.41
1.25
8SS100
11
15047.30
45.60
297.40
1.05
DP 16
11
16944.82
44.25
309.83
1.20
PHY 490
11
17189.63
43.84
300.19
1.30
† The same letter within a column indicates no significant difference (P> 0.05) for a given factor
or combination of factors.
Data are means of: n = 80 for Y, n = 40 for genotype, n = 32 for WAP, n = 20 for Y x G, n = 16
for Y x WAP, and n = 8 for G x WAP.
Transpiration rate (E), net photosynthesis (A), internal carbon dioxide (Ci), and stomatal
conductance (gsw), 08SS110-NE06.OP (08SS110), Deltapine 16 (DP 16), and PHY 490 W3FE
(PHY 490).
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Growth and development traits
Year by genotype (Y x G) effects
The interaction effect of year and genotype (Y x G) was significant for PH, MSN, LA,
LDW, SDW, and TDW (Table 3.1). Among growth traits, mean plant height of cotton genotypes
was significantly higher in 2018 (64.79 cm plant-1) compared to 2017 (45.23 cm plant-1) (Table
3.6 and Figure 3.2A). The PH of PHY 490 W3FE in 2017 (36.56 cm plant-1) was smallest
compared to other combinations of Y x G interactions. No differences in PH were observed
between PHY 490 W3FE in 2018 (50.25 cm plant-1) and resistant genotypes in 2017 that had an
average PH of 48.83 cm plant-1 (Table 3.6). Deltapine 16 in 2017 (44.72 cm plant-1) showed no
differences in PH when compared to 08SS100 in 2017 (47.57 cm plant-1) but was significantly
greater than PHY 490 W3FE in 2017 (36.56 cm plant-1), and smaller than 08SS110-NE06.OP in
2017 (52.09 plant-1) as well as all four genotypes in 2018 including Deltapine 16 (68.09 cm
plant-1) (Figure 3.2A). The maximum and minimum leaf area during our study was observed for
08SS100 in 2018 (1.56 m2 m-2) and PHY 490 W3FE in 2017 (0.81 m2 m-2), respectively (Table
3.6 and Figure 3.2B).
For development traits, MSN was significantly lower for PHY 490 W3FE in 2018 (11.05
nodes plant-1) than other genotypes in 2018, but not different from 08SS100, Deltapine 16, and
PHY 490 W3FE in 2017 (Table 3.6). The lowest MSN was obtained for PHY 490 W3FE in 2017
(9.65 nodes plant-1) among all combinations of Y x G interaction (Figure 3.3).
The differences observed among genotypes in 2017 for dry weights were not similar to
2018 (Table 3.6). In 2018, no differences in LDW were observed among 08SS110-NE06.OP,
08SS100, and Deltapine 16 and significantly lowest LDW was observed in PHY 490 W3FE
(78.00 g m-2). 08SS100, Deltapine 16, and PHY 490 W3FE in 2017 showed significantly lowest
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LDW among all combinations of Y x G interaction (Table 3.6 and Figure 3.4A), with no
differences among each other. PHY 490 W3FE exhibited lower SDW (80.46 g m-2) among four
genotypes in 2018 but was greater than PHY 490 W3FE (64.90 g m-2), and lower than 08SS110NE06.OP (107.86 g m-2) in 2017 (Figure 3.4B). The highest TDW was observed in resistant
genotypes in 2018 (266.44 g m-2) (Figure 3.4C). No differences in TDW were observed between
08SS100 and Deltapine 16 in 2017 but both were significantly greater than PHY 490 W3FE in
2017 (132.67 g m-2) (Table 3.6).
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Figure 3.2

Genotypic viability for plant height (A) and leaf area (B) in the year 2017 and
2018. Data are means ± SE (n = 24).
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Figure 3.3

Genotypic viability for main stem nodes in the year 2017 and 2018. Data are
means ± SE (n = 24).
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Figure 3.4

Genotypic viability for leaf dry weight (A), stem dry weight (B), and total dry
weight (C) in the year 2017 and 2018. Data are means ± SE (n = 24).

73

Year by weeks after planting (Y x WAP) effects
The interaction effect of year and weeks after planting (Y x WAP) were significant for all
growth and development traits measured during the study (Table 3.1). Overall, the growth and
development pattern of cotton along the season was sigmoidal (r2 =0.95 to 0.99; Table 3.7). For
instance, PH in 2017 increased from 9.26 cm plant-1 at 4 WAP to 93.78 cm plant-1 at 12 WAP in
2017. PH increased from 21.43 cm plant-1 at 4 WAP to 111.27 cm plant-1 at 12 WAP in 2018
(Table 3.6). However, the rate of increase in PH along the season was not different between two
years (Table 3.7 and Figure 3.5A). Further, there was variation in PH observed at a given
sampling time between two years (Figure 3.5A). For instance, PH obtained at 4 WAP in 2018
(21.43 cm plant-1) was not different than 6 WAP in 2017 (19.67 cm plant-1) but was significantly
higher than 4 WAP in 2017 (9.27 cm plant-1) (Table 3.6).
Among development traits, the rate of increase for MSN in 2017 (1.79 nodes plant- 1
week-1) was similar to 2.29 nodes plant-1 week-1 estimated in 2018 (Table 3.7 and Figure 3.5B).
The MSN measured at 4 WAP in 2017 (3.56 nodes plant-1) was significantly less than 4 WAP in
2018 (5.33 nodes plant-1). In contrast, MSN measured at 12 WAP in 2017 (18.27 nodes plant-1)
was not significantly different than 12 WAP in 2018 (18.23 nodes plant-1) (Table 3.6).
The dry weights also increased along the growing season from 4 to 12 WAP such that
LDW, SDW, and FDW ranged from 2.83 to 154.50 g m-2, 1.45 to 251.69 g m-2, and 0 to 80.80 g
m-2, respectively, in 2017 (Table 3.6). In 2018, minimum and maximum LDW was 12.40 and
182.24 g m-2, SDW was 5.78 to 269.65 g m-2, and FDW was 0 and 167.48 g m-2, respectively
(Table 3.6). The dry weights obtained at different sampling times were different between two
years. For instance, LDW obtained at 5 WAP in 2018 (27.41 g m-2) was significantly higher than
LDW obtained at 4 and 5 WAP in 2017, which were not different from each other and averaged
74

(5.02 g m-2). While LDW obtained at 5 WAP in 2018 (27.41 g m-2) was not different than
obtained at 6 WAP in 2017 (18.45 g m-2) (Table 3.6 and Figure 3.5C). The highest LDW
acquired in 2017 was at 10, and 12 WAP, which were not different from LDW obtained at 10
WAP in 2018 (163.26 g m-2) but was significantly smaller than 12 WAP in 2018 (182.24 g m-2).
Further, the rate of increase in LDW for 2017 was similar to 2018 and averaged 1.21 g m-2 week1

(Table 3.7 and Figure 3.5C).
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Figure 3.5

Temporal trends in cotton (A) plant height (A), (B) main stem nodes, and (C) leaf
dry weight measured during 2017 and 2018 growing seasons.

Cumulative data is represented using symbols and time course is represented using lines fitted
through a three-parameter sigmoidal function. Data are means ± SE (n = 16).
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Genotype by weeks after planting (G x WAP) effects
Significant interaction effects of genotype by weeks after planting were observed for all
growth and development traits except leaf area (Table 3.1). Among growth traits, plant height
increased in a sigmoidal manner (r2 = 0.99; Figure 3.6A) for all four genotypes along the season
with no difference in the rate of increase among genotypes (Table 3.8). PH obtained from weeks
5 to 8 after planting were smaller in PHY 490 W3FE than the other three genotypes, which were
not different from each other (Table 3.6). PH of Deltapine 16 was significantly lower than
08SS110-NE06.OP and higher than PHY 490 W3FE at 10 and 12 WAP (Table 3.6).
For development traits, no differences were observed in MSN among genotypes at 4
WAP and averaged 4.44 nodes plant-1 (Table 3.6). PHY 490 W3FE showed significantly lower
MSN than 08SS110-NE06.OP at all sampling times, except 4 WAP. At 12 WAP, Deltapine 16
(18.27 nodes plant-1) showed significantly lower MSN than resistant genotype 08SS110NE06.OP (19.40 nodes plant-1) but significantly higher MSN than PHY 490 W3FE (16.19 nodes
plant-1 (Table 3.6). Similar to plant height, MSN increased in a sigmoidal manner (r2 = 0.99;
Figure 3.6B) for all four genotypes, and no difference in the rate of increase was observed among
genotypes (Table 3.8 and Figure 3.6B). The MSN increased at an average rate of 2.09 nodes
plant-1 week-1 in the genotypes used in this study (Figure 3.6B).
The dry weights of leaf, stem, fruit, and total biomass were not different among
genotypes at 4, 5, and 6 WAP, except PHY 490 W3FE had lower LDW than 08SS100 at 6 WAP
(Table 3.6). PHY 490 W3FE also showed lowest LDW, SDW, and TDW at 10 WAP. Resistant
genotype 08SS110-NE06.OP showed significantly higher LDW (197.83 g m-2), SDW (332.7 g
m-2), and TDW (681.90 g m-2), while PHY 490 W3FE showed lowest SDW (202. 51 g m-2) and
TDW (441.38 g m-2) among four genotypes at 12 WAP (Table 3.6). The dry weights increased in
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a sigmoidal manner for all genotypes (r2 = 0.99; Figure 3.7A-C). However, the rate of increase in
dry weights for leaf and stem were not different among genotypes, except for FDW (Table 3.8).
The rate of increase in FDW for 08SS100 (1.27 g m-2 week-1) was significantly higher than
08SS110-NE06.OP and Deltapine 16, which were not different from each other and had
averaged FDW of 0.96 g m-2 week-1 (Table 3.8 and Figure 3.7C).

78

Figure 3.6

Temporal trends in (A) plant height and (B) main stem nodes of four cotton
genotypes.

Cumulative data is represented using symbols and time course is represented using lines fitted
through a three-parameter sigmoidal function. Data are means ± SE (n = 8).
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Figure 3.7

Temporal trends in leaf (A), (B) stem, and (C) fruit dry weights of four cotton
genotypes.

Cumulative data is represented using symbols and time course is represented using lines fitted
through a three-parameter sigmoidal function. Data are means ± SE (n = 8).
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Table 3.6
Year

Mean growth and development traits of cotton measured in 2017 and 2018.
Genotypes

WAP

2017
2018
08SS110
08SS100
DP 16
Phy490
4
5
6
8
10
12
2017
2017
2017
2017
2018
2018
2018
2018
2017
2017
2017

08SS110
08SS100
DP 16
Phy490
08SS110
08SS100
DP 16
Phy490
4
5
6

PH
MSN
cm
nodes
plant-1 plant-1
45.23b† 10.59b
64.79a 12.09a
60.56a 11.97a
59.67a 11.52a
56.41b 11.52a
43.40c 10.35b
15.35f
4.44f
e
23.83
6.98e
33.88d
8.56d
65.08c 13.36c
89.40b 16.45b
102.52a 18.25a
52.09c 11.54b
47.57de 10.60c
44.72e 10.55c
36.56f
9.65d
69.04ab 12.40a
71.78a 12.43a
68.09b 12.49a
50.25cd 11.05bc
9.26k
3.56h
13.94j
5.30g
19.67i
6.95f

LA

FN

m2 m-2
1.04b
1.40a
1.36a
1.27a
1.27a
0.98b
0.12e
0.30d
0.61c
1.48b
2.32a
2.49a
1.28bc
0.98de
1.10cd
0.81e
1.45ab
1.56a
1.44ab
1.14cd
0.05h
0.13gh
0.32fg

no. m-2
53.65b
77.57a
76.78a
60.85bc
68.10ab
56.72c
0.00e
1.98e
27.04d
57.76c
148.33b
158.56a
63.83
48.78
55.96
46.03
89.73
72.92
80.24
67.40
0.00g
0.00g
3.57g
81

LDW

SDW

FDW

TDW

-----------------g m-2 --------------------68.21b
83.92b
16.73b
168.86b
91.55a
111.06a
36.44a
239.05a
a
a
a
89.19
117.64
32.20
239.03a
81.10ab
101.50b
34.17a
216.77ab
79.90b
98.15b
22.55b
200.59b
69.33c
72.68c
17.42b
159.43c
7.61f
3.61e
0.00c
11.23e
e
e
c
17.30
10.61
0.03
27.94e
39.43d
26.19d
0.61c
66.24d
88.35c
93.55c
5.05c
186.96c
158.20b
190.31b
29.67b
378.18b
a
a
a
168.37
260.67
124.14
553.18a
82.02bc
107.86b
23.35
213.23bc
62.97e
80.61cd
21.90
165.48d
67.18de
82.33c
14.53
164.04d
e
d
60.65
64.90
7.12
132.67e
96.35a
127.42a
41.05
264.82a
99.22a
122.40ab
46.43
268.05a
92.62ab
113.97ab
30.56
237.15b
cd
c
78.00
80.46
27.72
186.18cd
2.83h
1.45h
0.00e
4.28i
7.20gh
2.98h
0.00e
10.18i
18.45fg
8.86h
0.04e
27.35hi

Table 3.6 (Continued)
Year

Genotypes

2017
2017
2017
2018
2018
2018
2018
2018
2018
08SS110
08SS100
DP 16
Phy490
08SS110
8SS100
DP 16
Phy490
08SS110
08SS100
DP 16
Phy490
08SS110
08SS100
DP 16
Phy490

WAP
8
10
12
4
5
6
8
10
12
4
4
4
4
5
5
5
5
6
6
6
6
8
8
8
8

PH
MSN
cm
nodes
plant-1 plant-1
55.24f 13.13c
79.51d 16.32b
93.78c 18.27a
21.43i
5.33g
33.72h
8.66e
g
48.10
10.18d
74.93e 13.59c
99.29b 16.58b
111.27a 18.23a
16.18ij 4.66m
15.43ij 4.55m
16.80ij 4.71m
12.99j
3.86m
25.97h 7.17jk
24.30h 6.98kl
26.60h 7.53jk
18.43i
6.24l
36.90g
9.15h
g
37.90
8.62hi
35.60g 8.56hi
25.13h
7.93ij
71.79e 14.17f
70.28e 13.27fg
67.37e 13.55f
50.89f 12.46g

LA

FN

m2 m-2
1.17d
2.36b
2.22b
0.18gh
0.48f
0.90e
1.78c
2.28b
2.76a
0.12
0.15
0.13
0.06
0.34
0.35
0.34
0.18
0.56
0.75
0.65
0.46
1.63
1.60
1.53
1.15

no. m-2
35.40f
126.08c
156.87b
0.00g
0.00g
50.50e
80.12d
170.58a
160.25ab
0.00i
0.00i
0.00i
0.00i
0.37i
4.86i
2.40i
0.31i
29.96gh
31.56gh
30.20gh
16.42hi
70.74e
62.87e
55.30ef
42.14fg
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LDW

SDW

FDW

TDW

-----------------g m-2 --------------------73.11d
67.30f
2.05e
142.46f
b
d
d
153.14
171.26
17.47
341.87d
154.50b
251.69b
80.80b
486.99b
12.40gh
5.78h
0.00e
18.18hi
27.41f
18.24h
0.00e
45.70h
e
g
e
60.41
43.52
1.19
105.12g
103.59c
119.80e
8.06de
231.45e
163.26b
209.37c
41.86c
414.49c
182.24a
269.65a 167.48a 619.37a
7.94j
3.38j
0.00g
11.32k
ij
ij
g
9.97
4.74
0.00
14.70k
8.00j
4.24ij
0.00g
12.24k
4.55j
2.09j
0.00g
6.64k
18.70ij
11.87hij
0.00g
30.57jk
ij
hij
g
20.85h
12.67
0.08
33.61jk
18.52ij
11.75hij
0.02g
30.29jk
11.13ij
6.15hij
0.00g
17.29k
38.88fgh
28.11hi
0.56g
67.55ij
f
hij
g
50.20
27.19
0.97
78.36i
40.66fg
31.07h
0.63g
72.35ij
27.99ghi
18.39hij
0.29g
46.67ijk
93.75e
99.10f
5.01fg
197.87g
e
f
fg
90.12
109.13
7.97
207.22g
88.58e
96.46f
4.40fg
189.44gh
80.95e
69.51g
2.84g
153.30h

Table 3.6 (Continued)
Year

Genotypes

WAP

PH
MSN
LA
FN
LDW
SDW
FDW
TDW
cm
nodes
plant-1 plant-1 m2 m-2
no. m-2
-----------------g m-2 --------------------08SS110
10
97.91b 17.29c
2.75
168.98b
178.03b
230.99c
35.93d
444.94d
08SS100
10
96.59bc 16.53cd
2.26
131.71d
156.56c
194.39d
35.62d
386.56e
DP 16
10
91.81c 16.52cd
2.49
167.75b
162.59bc
198.45d
28.91de
389.95e
e
e
d
d
e
ef
Phy490
10
71.29
15.45
1.80
124.88
135.64
137.43
18.21
291.28f
08SS110
12
114.63a 19.40a
2.77
190.64a
197.83a
332.37a 151.70a 681.90a
08SS100
12
113.51a 19.16ab
2.49
134.10cd
158.90c
260.89b 160.37a 580.16b
DP 16
12
100.26b 18.27b
2.48
152.93bc 161.05bc 246.92bc 101.32b 509.29c
d
de
Phy490
12
81.68 16.19
2.21
156.56b
155.70c
202.51d
83.17c
441.38d
† The same letter within a column indicates no significant difference (P> 0.05) for a given factor or combination of factors.
Data are means of: n = 96 for Y, n = 48 for genotype, n = 32 for WAP, n = 24 for Y x G, n = 16 for Y x WAP, and n = 8 for G x
WAP.
08SS110-NE06.OP (08SS110), Deltapine 16 (DP 16), and PHY 490 W3FE (Phy 490), plant height (PH), main stem nodes (MSN),
leaf area (LA), number of fruits (FN), leaf dry weight (LDW), stem dry weight (SDW), fruit dry weight (FDW), total dry weight
(TDW).
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Table 3.7
Year

Three-parameter sigmoidal function estimates and coefficients of determination (r2) generated for growth and
development traits of cotton measured along growing season in 2017 and 2018.
Trait

a‡

b§
Week-1
1.47 (1.04-1.91)
1.99 (1.70-2.28)
1.79 (1.30-2.28)
2.29 (1.09-3.48)
0.85 (0.15-1.55)
1.48 (0.84-2.12)
0.78 (0.74-0.81)
1.13 (-0.27-2.54)
0.86 (0.37-1.35)
1.55 (0.89-2.22)
1.16 (0.90-1.41)
1.43 (1.12-1.73)
0.87 (0.80-0.95)
1.14 (1.03-1.25)
1.20 (1.03-1.38)
1.87 (1.27-2.48)

X0¶
WAP
7.76 (7.08-8.45)
6.90 (6.50-7.29)
6.80 (6.15-7.45)
2.29 (1.09-3.48)
7.89 (7.11-8.67)
7.25 (6.32-8.19)
8.98 (8.93-9.03)
7.79 (5.82-9.77)
8.07 (7.53-8.61)
7.60 (6.58-8.63)
9.42 (9.02-9.82)
8.59 (8.08-9.09)
11.68 (11.39-11.98)
12.59 (11.86-13.32)
9.29 (9.01-9.58)
9.82 (8.37-11.28)

r2

2017
98.57 (85.49-111.64) ∞
0.99
PH (cm)
2018
119.83 (111.94-127.72)
0.99
2017
19.24 (17.09-21.40)
0.99
MSN (nodes plant-1)
2018
19.31 (15.62-23.00)
0.99
2017
2.37 (1.91-2.83)
0.99
LA (m2 m-2)
2018
2.79 (2.30-3.27)
0.99
2017
160.06
(157.76-162.37)
0.95
FN (no. m-2)
2018
174.61 (100.33-248.90)
0.99
2017
161.27 (139.14-183.41)
0.99
LDW (g m-2)
2018
194.17 (156.79-231.55)
0.99
2017
277.88
(247.52-308.24)
0.99
SDW (g m-2)
2018
292.28 (260.43-324.14)
0.99
2017
136.90 (116.32-157.49)
0.99
FDW (g m-2)
2018
449.14 (282.71-615.57)
0.99
2017
537.01
(496.99-577.03)
0.99
TDW (g m-2)
2018
808.96 (558.32-059.61)
0.99
‡ Maximum estimated constants for parameters during growing season.
§ Rate constant for parameters.
¶time to reach 50% of maximum estimated values during growing season
∞ Values in parenthesis indicate 95% confidence intervals.
Year (Y), weeks after planting (WAP), plant height (PH), main stem nodes (MSN), leaf area (LA), number of fruits (FN), leaf dry
weight (LDW), stem dry weight (SDW), fruit dry weight (FDW), and total dry weight (TDW).

84

Table 3.8
Genotype
08SS110
08SS100
DP 16
Phy490
08SS110
08SS100
DP 16
Phy490
08SS110
08SS100
DP 16
Phy490
08SS110
08SS100
DP 16
Phy490
08SS110
08SS100
DP 16
Phy490
08SS110
08SS100
DP 16
Phy490
08SS110

Three-parameter sigmoidal function estimates and coefficients of determination (r2) generated for growth and
development traits measured in all four cotton genotypes along the growing season.
Trait

PH (cm plant-1)

MSN (nodes plant-1)

FN (no. m-2)

LDW (g m-2)

SDW (g m-2)

FDW (g m-2)
TDW (g m-2)

a‡
123.97 (116.63-131.32) ∞
122.55 (116.91-128.19)
107.46 (97.75-117.16)
89.30 (79.79-98.80)
20.57 (19.11-22.04)
21.13 (18.62-23.65)
19.60 (16.56-22.63)
16.97 (15.65-18.28)
199.89 (156.00-243.78)
143.10 (101.66-184.53)
161.54 (103.82-219.26)
164.48 (136.96-192.01)
211.59 (180.68-242.51)
170.66 (128.59-212.72)
173.21 (133.42-212.99)
161.15 (154.84-167.47)
378.87 (361.16-396.57)
281.65 (236.89-326.41)
263.86 (249.88-277.84)
234.67 (187.95-281.40)
275.73 (249.14-302.33)
1754.43 (-4987.66-8496.51)
159.98 (149.06-170.90)
199.59 (149.83-249.35)
845.77 (779.08-912.45)
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b§
Week-1
1.83 (1.62-2.05)
1.83 (1.66-1.99)
1.76 (1.40-2.13)
1.84 (1.45-2.23)
2.06 (1.70-2.43)
2.34 (1.78-2.91)
2.16 (1.34-2.99)
1.80 (1.39-2.21)
1.02 (0.36-1.69)
1.11 (0.17-2.05)
0.43 (-2.11-2.97)
0.98 (0.54-1.42)
1.30 (0.85-1.75)
1.37 (0.53-2.22)
1.23 (0.47-1.99)
1.21 (1.08-1.33)
1.33 (1.22-1.44)
1.34 (0.92-1.77)
1.24 (1.09-1.39)
1.44 (0.99-1.89)
0.95 (0.91-1.00)
1.27 (1.04-1.50)
0.97 (0.93-1.02)
1.02 (0.94-1.10)
1.53 (1.37-1.68)

X0 ¶
WAP
7.49 (7.15-7.82)
7.50 (7.24-7.76)
7.08 (6.56-7.60)
7.53 (6.92-8.13)
6.41 (5.98-6.85)
6.83 (6.07-7.60)
6.33 (5.37-7.29)
6.13 (5.68-6.58)
8.47 (7.58-9.36)
8.02 (6.72-9.31)
8.27 (6.42-10.11)
8.94 (8.31-9.57)
8.13 (7.45-8.82)
7.55 (6.28-8.81)
7.69 (6.57-8.80)
7.98 (7.80-8.16)
9.40 (9.21-9.58)
8.78 (8.08-9.47)
8.65 (8.42-8.88)
9.41 (8.59-10.24)
11.81 (11.61-12.00)
14.91 (9.03-20.80)
11.47 (11.31-11.62)
12.34 (11.88-12.80)
9.83 (9.51-10.15)

r2
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99

Table 3.8 (Continued)
Genotype

Trait

a‡

b§
Week-1
1.71 (1.27-2.16)
1.41 (1.19-1.63)
1.57 (1.05-2.09)

X0 ¶
WAP
9.72 (8.72-10.71)
8.92 (8.55-9.29)
9.63 (8.56-10.70)

r2

08SS100
730.07 (567.55-892.59)
0.99
DP 16
567.67 (519.64-615.71)
0.99
Phy490
535.88 (401.65-670.11)
0.99
‡ Maximum estimated constants for parameters during growing season.
§ Rate constant for parameters.
¶time to reach 50% of maximum estimated values during growing season
∞ Values in parenthesis indicate 95% confidence intervals.
Weeks after planting (WAP), plant height (PH), main stem nodes (MSN), leaf area (LA), number of fruits (FN), leaf dry weight
(LDW), stem dry weight (SDW), fruit dry weight (FDW), total dry weight (TDW), 08SS110-NE06.OP (08SS110), Deltapine 16 (DP
16), and PHY 490 W3FE (Phy 490).
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End-of-the season yield component
No significant effects of year, genotype, and year by genotype were observed on
machine-harvested lint yield (Table 3.3). Boll weight and seed weight showed significant
genotype and year effects but no interaction (Y x G) effect. The year 2018 exhibited significantly
higher boll weight by 0.3 g boll-1 and seed weight by 0.24 g boll-1 compared to 2017,
respectively (Table 3.9). Deltapine 16 showed lower boll weight (4.31 g boll-1) than 08SS100
(4.77 g boll-1) but higher than PHY 490 W3FE (3.70 g boll-1), likewise observed for seed weight.
Genotype by year interaction effect was observed on boll number, gin turnout, seed percentage,
and hand-picked lint yield (Table 3.3). The boll numbers obtained for 08SS110-NE06.OP and
Deltapine 16 in 2017 was not different from 2018 (Table 3.9). In contrast, 08SS100 showed
significantly higher number of bolls in 2017 by 20.55 bolls m-2 than 2018, while reverse was true
for PHY 490 W3FE. The highest gin turnout was obtained in PHY 490 W3FE (41.07 %) in 2018
among all the Genotype by year interaction combinations (Table 3.9). Genotypes 08SS110NE06.OP, Deltapine 16, and PHY 490 W3FE exhibited higher gin turnout in 2018 compared to
2017 (Table 3.9). In 2017, PHY 490 W3FE exhibited significantly lower seed percentage (61.31
%) compared to othe genotypes. In 2018, all four genotypes varied for seed percentage. The
highest seed percentage was obtained in 08SS100, followed by Deltapine 16, 08SS110NE06.OP, and lowest in PHY 490 W3FE in 2018 (Table 3.9). The seed percentage for 08SS100
did not vary across two growing seasons and averaged 65.52 %. Overall hand-picked lint yield
was higher in 2018 (1222.63 kg ha-1) compared to 2017 (972.26 kg ha-1). The lint yields between
two resistant genotypes were not different across growing seasons (Table 3.9). The averaged lint
yields for 08SS110-NE06.OP and 08SS100 were 1333.66 and 945.49 kg ha-1, respectively,
across two growing seasons, and did not differ across years. Whereas Deltapine 16 and PHY 490
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W3FE showed an increase of 417.07 and 585.63 kg ha-1 in lint yield from 2017 to 2018,
respectively. Further, the lowest yields were observed in Deltapine 16 (772.64 kg ha-1) and PHY
490 W3FE (836.61 kg ha-1) in 2017 and 08SS100 (805.86 kg ha-1) in 2018, respectively (Table
3.9).
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Table 3.9

Year

Influence of year, genotypes and their interaction on cotton yield- and yield components measured during 2017 and
2018 growing seasons.
Genotype

Boll
weight

Bolls

Gin
turnout

Seed
percentage

Seed
weight

Machineharvested
lint yield
kg ha-1
1276.27

Hand-picked
lint yield

g boll-1
no. m-2
%
%
g boll-1
kg ha-1
2017
4.19b†
64.53b
35.85b
62.88b
2.59b
972.26b
2018
4.49a
74.00a
37.12a
64.15a
2.83a
1172.32
1222.63a
ab
a
b
b
ab
08SS110
4.58
79.885
36.49
63.51
2.85
1306.97
1333.66a
08SS100
4.77a
57.89c
34.48c
65.52a
3.06a
1104.67
945.49b
b
bc
c
a
b
Deltapine 16
4.31
64.35
35.09
64.91
2.74
1182.53
981.18b
PHY 490
3.70c
74.99ab
39.88a
60.12c
2.17c
1302.99
1129.43ab
abc
d
b
2017
08SS110
4.62
72.83
35.70
64.29
2.86
1487.79
1194.64ab
2017
08SS100
4.58
68.16c
34.72de
65.27ab
2.89
1148.09
1085.14bc
cd
e
a
2017
Deltapine 16
4.02
56.72
34.29
65.70
2.54
1234.46
772.64d
2017
PHY 490
3.54
60.41cd
38.69b
61.31d
2.06
1234.71
836.61cd
ab
c
c
2018
08SS110
4.53
86.86
37.28
62.72
2.84
1126.18
1472.69a
2018
08SS100
4.95
47.61d
34.23e
65.76a
3.26
1061.24
805.86cd
bc
d
b
2018
Deltapine 16
4.61
71.97
35.89
64.11
2.96
1130.61
1189.71ab
a
a
e
2018
PHY 490
3.87
89.57
41.07
58.93
2.28
1371.28
1422.24a
† The same letter within a column indicates no significant difference (P> 0.05) for a given factor or combination of factors.
Data are means of: n = 16 for Y, n = 8 for genotype, and n = 4 for Y x G.
08SS110 (08SS110-NE06.OP), and PHY 490 W3FE (Phy 490).
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Discussion
This study evaluated the response of four cotton genotypes with resistance and
susceptibility to reniform nematode population that causes significant economic yield losses in
the US Midsouth cotton growing reason. Previous researchers have quantified responses of
growth and physiological traits to RN in commercial cultivars of agronomic crops which were
either susceptible or resistant to RN (Anver and Alam; 1989; Agudelo et al., 2005; Gausman et
al., 1975; Jones et al., 1959). However, the evaluation of developing resistant lines to reniform
nematode in the US Mid-South was mostly confined to reniform nematode development and
fecundity (Starr et al., 2011, Robinson et al., 2004; Robinson, 2007; Weaver et al. 2007). To our
knowledge, this is the first study to assess agronomic and physiological responses of novel
resistant cotton lines, 08SS110-NE06.OP and 08SS100, to RN along with RN-susceptible
cultivars, Deltapine 16 and PHY 490 W3FE.
The study showed greater growth and development in 2018 compared to 2017. Likewise,
reniform nematode populations were higher in 2018. This suggested that changes in growth and
development over the two seasons may have been caused by factors other than RN. However,
suppression of the RN population suggests that resistant genotypes may have a mechanism to
decrease RN fecundity. This supports the results of previous studies that revealed inhibition of
RN reproduction by host plant resistance (Starr et al., 2011, Robinson et al., 2004). Our results
contradict with the past studies that have shown inconsistent performance of resistant lines
derived from G. barbadense across geographic locations, which has been a major constraint in
the development of commercially viable cultivars resistant to RN in cotton (Robinson and
Percival, 1997; Robinson et al. 2004; Weaver et al. 2007; Yik and Birchfield 1984). However,
the mechanisms by which resistant genotypes inhibited reproduction is still unknown. Therefore,
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future studies are needed to determine resistance mechanisms in these novel resistant lines and
also investigate whether resistant lines exhibit similar or different mechanisms.
The present study did not show any genotypic variability for physiological parameters
except, gsw. In contrast, genotypic variability for morphological parameters was observed during
the season. Thus, genotypic variability for morphological traits was not attributed to plant
physiological mechanisms in the present study. The literature on characterization of cotton
germplasm to RN based on plant physiological processes is very limited (Gausman et al., 1975)
but the physiological traits used in the present study such as A, E, gsw, and Ci were extensively
used in the past to determine genotypic variability across cotton germplasm for stress tolerance
under field conditions (Chastain et al., 2016; Chastain et al., 2014; Karademir et al., 2012; Abro
et al., 2015; Pettigrew, 2016). These studies have shown declines in net photosynthesis rate
through stomatal or non-stomatal limitations under increasing stress conditions. The averages for
gas exchange parameters obtained for cotton genotypes in this study were comparable to
commercial cotton cultivars studied by Pettigrew (2016) in the Mississippi Delta, where soils are
naturally infested with RN. The A, E, and Ci observed in six diverse commercial cotton cultivars
by Pettigrew (2016) ranged between 21 to 23 μmol m−2 s−1, 15000 to 25000 μmol m−2 s−1, and
340 to 342 µmol mol⁻¹ at 80 to 90 days after planting under ambient field conditions (27 ± 0.02
°C). The slight differences in net photosynthetic rates obtained between the current study and
Pettigrew (2016) could be a genetic and/or environment effect. Similarly, genetic differences for
gas exchange parameters observed by Pettigrew (2016) were too small to be significant for
breeding programs. Thus, physiological traits used in the present studies might not be useful
tools for breeding programs in selection of RN-resistant cotton lines for RN-infested regions of
Mississippi. The present study found significantly greater net photosynthetic rates (A) in 2018
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than 2017 which corresponded to growth and development differences between two years. Our
results supported past studies that had observed positive relation of net photosynthesis (A) with
growth and development in cotton, modified by weather parameters (Liu et al., 2015; Xie et al.,
2016; Wullschleger and Oosterhuis, 1990; Chastain et al., 2016; Chastain et al., 2014).
Growth and development traits like PH, MSN, and dry weights were not consistent over
two growing seasons, with 2018 exhibiting greater vigor in all four genotypes than 2017. One of
the reasons might be differences in the weather conditions across the two growing seasons.
Previous studies have reported temperature and soil moisture as two major abiotic factors
governing growth and development of cotton (Zafar et al., 2018; Thakare et al., 2014). Recent
studies have also assessed morphological traits to determine the degree of tolerance to abiotic
stresses like cold and drought across wide genetic background of cotton under field conditions
(Sezener et al., 2015; Karademir et al., 2012; Abro et al., 2015). The present study showed
similar genotypic responses of growth and physiological traits to changing weather conditions
across two growing seasons which suggests that cotton genotypes used in this study might have
no differences in their degree of tolerance to major abiotic factors like temperature and soil
moisture. Furthermore, the morphology of commercial cotton cultivars for the Mississippi Delta
is less studied for RN infestation. Due to the natural infestation of RN in soils of the Mississippi
Delta, growth characteristics of commercial cultivars studied in the past under field conditions
could still be compared with the present study. For instance, raw data obtained at the final
harvest (12 WAP) in the present study was comparable to data harvest conducted at cutout (16
WAP) by Pettigrew (2008) for cotton genotypes (SureGrow 125 and SureGrow 125BR) grown
in Mississippi Delta for three years (2003-2005). The slight variation in mean plant height (115
cm plant-1), main stem nodes (20 nodes plant-1), leaf area (3.5 m2 m-2), and vegetative weights
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(538 g m–2) observed at 16 WAP by Pettigrew (2008) from the present study might be an
influence of genotype or/and environment factors. Growth and development trends of cotton
genotypes used in this study were best described by a three-parameter sigmoidal function, with r2
ranging from 0.95 to 0.99, which is in agreement with Hunt at al. (2003) and Gardner et al.
(1985) that described sigmoidal pattern for crop growth. The growth and development rate of
novel resistant genotypes were not different from the commercial susceptible genotype PHY 490
W3FE, indicating that RN-resistant lines could be acclimated to current production practices and
conditions of US Midsouth but how well they could be used as an additional tool for the
management of RN is not clear.
The resistant genotype’s agronomic and physiological characteristics along the growing
season were no different from susceptible genotypes, except PHY 490 W3FE which showed
reduced growth. Reduced growth in PHY 490 W3FE, when compared to resistant genotypes,
could be due to RN. If this is the case, then despite being susceptible and growing under higher
RN infestation, Phytogen 490 had performed better in terms of lint % and hand-picked lint yields
than resistant genotype 08SS100 in 2018. Likewise, Deltapine 16 showed higher growth rates
and lint yield under greater RN pressure in 2018 compared to 2017. Further, Deltapine 16
showed comparable yields to resistant genotype 08SS110-NE06.OP in 2018. This is in contrast
to previous studies that have recognized either no or less of a decline in growth in resistant
cultivars compared to susceptible cultivars under RN presence in agronomic crops like
pigeonpea (Anver and Alam; 1989) and cotton (Agudelo et al., 2005). Symptoms including
stunting, reduced shoot to root ratio, fewer secondary roots, and delayed maturity have been
recognized in susceptible cotton cultivars in response to RN in the literature (Agudelo et al.,
2005; Moore and Lawrence, 2013; Robinson, 2007; Jones et al., 1959). Unlike resistant
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genotypes, the greater growth traits, modified by weather, might have contributed to increased
hand-picked lint yields in susceptible genotypes in 2018, compared to 2017. The results are in
agreement with Wells and Meredith (1984), Hearn (1972), and Gardner et al. (1985) that
described the relationship between individual plant growth and development traits like leaf area
and total dry weight with the lint yields. Similarly, Pettigrew (2008) found reduction in boll
weight lead to reduced lint yields in commercial cotton genotypes (SureGrow 125 and SureGrow
125BR) grown in the Mississippi Delta. On the other hand, hand-picked lint yields remain
consistent for resistant lines irrespective of significant differences in growth metrics or RN
densities across two growing seasons. The averaged boll weight (102-120 g boll-1), boll number
(77-86 bolls m-2), and hand-harvested lint yields (1253-1437 kg ha–1) obtained under ambient
conditions by Pettigrew (2008) for commercial cotton genotypes (SureGrow 125 and SureGrow
125BR) in the Mississippi Delta were comparable to the present study. Furthermore, the present
study conclusion is limited due to the inability to exclude RN in field environments. Hence,
additional studies need to be conducted to determine the relative differences in morphology and
physiology of cotton genotypes under presence and absence of RN severity in order to
determine: 1) Whether genotypic variability for lint yields is attributable to differences in vigor
or RN stress 2) Whether novel resistant lines hinder reniform nematode damage by restraining
infection and/or reducing nematode fecundity.
Conclusion
The present study evaluated agronomic responses of novel cotton genotypes with known
resistance to Rotylenchulus reniformis and susceptible cotton genotypes in reniform nematodeinfested fields. Although agronomic traits varied among genotypes at a given sampling time, the
rate of growth was not different among genotypes. Overall growth and development parameters
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of all cotton genotypes were higher in 2018 compared to 2017 even though trends for RN
infestation were similar. Interestingly, 08SS110-NE06.OP maintained high lint yields across
both growing seasons while having the additional effect of reducing RN fecundity. In contrast,
elite variety PHY490 W3FE achieved high lint yield in 2018, despite higher RN pressure. We
are unable to definitively conclude whether the responses observed for lint yields were due to
differences in RN stress or only innate differences in genotypes vigor/response to management
practices. Future studies should evaluate the response of these resistant lines to key management
inputs and under a broader range of climatic and management conditions with and without RN
populations.
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CHAPTER IV
MORPHOLOGICAL AND PHYSIOLOGICAL RESPONSES OF RESISTANT AND
SUSCEPTIBLE COTTON GENOTYPES TO RENIFORM NEMATODE
AND SOIL NITROGEN
Abstract
Soil fertility and reniform nematode (RN) directly affect early-season growth and
physiology of cotton. The growth responses to soil fertility and RN may, however, vary across
germplasm. A greenhouse study was conducted to gain information on the role that host plant
resistance plays in influencing reniform nematode populations, and cotton growth and
physiological response to a range of soil N levels in the presence and absence of RN. The two
reniform nematode-resistant upland cotton lines (Gossypium barbadense introgressions;
08SS110-NE06.OP and 08SS100) along with two susceptible cultivars (Deltapine 16 and PHY
490 W3FE) were subjected to four different levels of N [100% of recommended rates, 150% of
recommended, 50% of recommended, and base level] from sowing until harvesting, 60 days after
sowing (DAS), in the presence and absence of reniform nematode. The linear and quadratic
functions (r2 = 0.72 to 0.99) best-described growth and physiological responses of cotton
genotypes to soil N. The rate of change in growth and physiological parameters to soil N were
not different among genotypes, except for plant height at 30 DAS. Overall, the study revealed
significant increases in plant height, main stem node number, leaf area, dry weights, taproot
length, and leaf temperature with increasing rates of nitrogen. No interaction between soil
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nitrogen and reniform nematode was found for morphological parameters. Further, reniform
nematode population in the pots grown with resistant lines was significantly smaller than pots
grown with susceptible cultivars at the final harvest. Physiological parameters such as net
photosynthesis, anthocyanin content, and chlorophyll content indicated genotypic susceptibility
to RN pressure. Such physiological responses showed 08SS110-NE06.OP was resilient under
RN stress when compared to other genotypes. The information on genotypic growth and
physiological responses across a range of N or RN environments could be useful in the
management of early season growth of cotton.
Introduction
Negative fiber yield impacts due to Rotylenchulus reniformis (RN) in cotton in the US
Mid-South have drawn the attention of scientists aiming to mitigate the problem through
modifications in management strategies and host plant resistance. For example, some scientists
have evaluated variations in fertilizer management as possible tools to minimize the negative
impacts of plant-parasitic nematodes (Robinson, 2007; Gruzdeva et al., 2007; Agu, 2003). Some
studies have reported that fertilization can interfere with the lifecycle of plant-parasitic
nematodes, thus influencing their reproduction and pathogenicity on crops (Mitchell and
Gazaway, 1996; Agu, 2003; Queneherve and Saux, 2002). Past studies have recognized that
increasing nitrogen applications can mitigate crop losses by nematodes. For instance, RodriguezKabana and King (1980) observed that adding urea above 0.4 g/kg soil with blackstrap molasses
in soil reduced the damage caused by Meloidogyne arenaria in Cucurbita pepo. Ronan and
Queneherve (2002) observed chemotactic responses to ionic compounds for different nematode
species and found that ammonium salts and ammonium nitrate were strongly repellent to
reniform nematodes. Vestergard (2004) identified variable responses of endoparasitic and
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ectoparasitic nematodes to N-fertilization and showed that N-fertilization encourages activity of
ectoparasites but discourages the activity of endoparasites. Conversely, several other studies have
reported either a positive effect or no influence of soil nutrition on nematode populations
(Pettigrew et al. 2005; Luc et al., 2007; Ebelhar et al., 2011).
Nitrogen (N) has a marked influence on the early vegetative growth of cotton.
Morphological and physiological measurements in cotton are powerful tools to assess cotton
response to N-fertilization (Fridgen and Varco, 2004; Zhao et al., 2005, 2007). On the one hand,
excess nitrogen application can cause succulent seedlings, delayed squaring, and increased insect
attack in the early season (Gerik et al., 1998). On the other hand, nitrogen deficiency can cause
uneven stand and poor seedling growth, leading to increased competition from weeds and
increased susceptibility of seedlings to diseases (Giri et al., 2016; Girma et al., 2007).
Physiologically, nitrogen deficiency can decrease leaf photosynthesis rates through chlorophyll
depletion and reductions in hydraulic conductance by reducing leaf expansion, leading to lower
stomatal and mesophyll conductance to gas exchange (Radin and Mauney, 1986). These
physiological changes interact with each other to alter whole-plant morphology. The changes in
early season growth and development of cotton under nitrogen deficiency may include chlorotic
leaves, reduced leaf expansion, low plant vigor, early maturity, reduced branching, higher root to
shoot ratio, increased cell wall thickening, accumulation of starch and other carbohydrates,
which ultimately limits seed cotton yield (Reddy et al., 2004; Radin and Mauney, 1986; Girma et
al., 2007). Therefore, optimum N fertilization is necessary to achieve a uniform and even stand
establishment and regulate growth and development in cotton.
Reniform nematode (RN) typically parasitizes the pericycle of a root which leads to the
formation of syncytium (Palomares-Rius et al., 2017). Reniform nematode feeding on seedling
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roots of cotton can cause several morphological and physiological changes such as stunting,
reduced shoot to root ratio, fewer secondary roots, delayed maturity, lower chlorophyll content,
reduced leaf reflectance, higher leaf water content, and increased light absorption (Gausman et
al., 1975; Agudelo et al., 2005; Lambe and Horne, 1963; Jones et al., 1959). Plant physiological
mechanisms such as the phenylpropanoid pathway produce various secondary metabolites like
anthocyanin and flavonoids (Zacheo et al., 1982). These metabolites are involved in the host
plant resistance to a variety of pathogenic soil microorganisms (Zacheo et al., 1982). For
instance, Koti et al. (2007) observed a strong negative correlation between cotton leaf phenolics
and reniform nematode populations during early season growth. Similarly, Thakar and Yadav
(1987) confirmed increased levels of root phenolics in pigeon pea (Cajanus cajan) were
associated with resistance to reniform nematode. Additional reports noted variable growth
responses among reniform nematode-resistant and susceptible cultivars to reniform nematode
damage in agronomic crops like pigeon pea (Anver and Alam; 1989) and cotton (Agudelo et al.,
2005). While the evaluation of RN-resistant lines has mostly been based on nematode
development and fecundity (Starr et al., 2011; Robinson et al., 2004; Khanal et al., 2017),
assessment of morphological and physiological response to reniform nematode offers another
approach to verifying resistance.
As noted above, a number of current studies are now looking for sustainable approaches
such as altering fertilizer rate in conjunction with effective control practices (like crop rotation,
nematicides, resistance, etc.) to manage nematode damage on crop production (Kularathna et al.,
2014; Schrimsher et al., 2014; McLean et al., 2003; Ebelhar et al., 2011). Importantly, novel,
RN-resistant cotton lines (08SS110-NE06.OP and 08SS100) have recently been developed and
critical agronomic characteristics were compared with those of RN-sensitive cultivars
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(concurrent experiment, unpublished data) in the field under high RN population conditions in
the Mississippi Delta. RN-resistant lines exhibited similar growth rates but higher RN
suppression than sensitive cultivars under the conditions as mentioned above. However, a
controlled experiment assessing the early season growth response of these cultivars to nematode
presence or nitrogen fertility has not been conducted previously. To gain a better understanding
of the interactions between RN and soil fertility on the growth and physiology of resistant and
susceptible cultivars, we have conducted the study presented herein. The objective of this study
was to gain information on the role that host plant resistance plays in influencing reniform
nematode populations, and cotton growth and physiological response to a range of soil N levels
in the presence and absence of RN. The study hypothesized that high rates of nitrogen could
improve the performance of cotton genotypes under presence of RN.
Materials and Methods
This study was conducted for 60 days in a greenhouse maintained at temperature of 30 ±
5 ºC, 60 % average relative humidity, and ~1500 μmol photons m-2 s-1 photosynthetically active
radiation (PAR) recorded each day using Li-Cor, LI-1400 datalogger (Li-Cor, Lincoln,
NE). Sensors were a Li-Cor LI-190 quantum sensor (Li-Cor, Lincoln, NE), a Li-Cor 1000-16
temperature probe (Li-Cor, Lincoln, NE), and a Vaisala HMP50 relative humidity and
temperature sensor (Campbell Scientific, Logan, UT). Four seeds of two resistant upland cotton
lines (G. barbadense accession GB 713 introgressions 08SS110-NE06.OP and 08SS100), and
two cotton cultivars (Deltapine 16 and PHY 490 W3FE), were planted in plastic pots (3 kg of
soil) filled with a steam-treated (70 °C for 8 hours) growth media composed of one part Bosket
very fine sandy loam soil and two parts sand. Before planting, soil was sent to a soil testing
laboratory (Southern Soils Lab, Yazoo City, MS) for analysis to determine recommended rates
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of nitrogen. The soil testing report showed that the soil mixture was deficient in N with baselevel averaging 1 mg kg-1 (very low) and recommended N rate was 134 kg ha-1 (i.e., 60 mg kg-1
soil). The recommended rates for N in the soil testing reports were provided in kg ha-1 which
were converted into mg kg-1 for our experiment. Commercial urea (46% N), was used as our
source for N fertilization. At the time of sowing, each replication was fertilized with an
appropriate concentration of commercial urea to generate four different levels of N [100% of
recommended rates, 150% of recommended, 50% of recommended, and base level (0% N)]. To
establish 100, 50 and 150% levels of recommended N urea, urea was applied at the rate of 130,
65, and 195 mg kg-1 soil. Soil test results also showed deficiency for phosphorus, potassium,
magnesium and sulfur in the soil medium. Triple superphosphate was used at the rate of 43.5 mg
kg-1 to apply recommended rates of phosphorus (20 mg kg-1). Muriate of potash was used at the
rate of 150 mg kg-1 to apply recommended rates of potassium (90 mg kg-1). Deficiencies for
magnesium and sulfur were amended by applying the recommended amount (66.7 mg kg-1) of
magnesium sulfate (15% Mg and 20% S). All of the fertilizers needed per pot were first weighed
separately and then ground into powder form, mixed and dissolved in 100 ml of deionized water,
and finally applied as a solution over soil surface at the time of sowing. Pots were irrigated using
a drip irrigation system twice daily for 1 minute at a rate of 1.9 L h-1 (0.03 L total). Soil moisture
was monitored based on water potential by inserting moisture sensors (METER Teros 21
sensors; Meter Group Inc., Pullman, Washington, USA) at a depth of 10 cm in 4 representative
pots from the 100% N treatment. Once uniform emergence was obtained, plants were thinned to
one seedling per pot. Plants were inoculated with 5,000 reniform nematodes (mixed vermiform
life stages) in 1 ml of water at the time of emergence for treatment combinations that include
nematodes. The nematodes were pipetted into a 5 cm deep hole in the soil near the plant stem.
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An isolate of reniform nematode collected at Stoneville, MS, and maintained in greenhouse
culture on tomato (Solanum lycopersicon ‘Rutgers’) was used.
Measurements
Physiological Measurements
Physiological measurements were conducted on the uppermost fully expanded leaf at the
first true leaf stage, and 30 and 60 days after sowing (DAS). The maximum quantum yield of
photosystem II (Fv/Fm) was measured using a portable, pulse amplitude-modulated fluorometer
(Model OS5p+, Opti-Sciences, and Hudson, NH, USA) on leaves after they had been darkadapted for a minimum of 8 hours. Initially, ground state fluorescence intensity (Fo) was
determined in situ during 0400–0600 h using a modulation light intensity of 1 μmol m−2 s−1.
Maximal fluorescence intensity (Fm) was then determinations using an excitation light intensity
of 15,000 μmol m−2s−1 for 0.8 s. Fv/Fm was finally calculated, according to Maxwell and
Johnson (2000) [Fv/Fm = (Fm− Fo)/Fm].
Gas exchange and light-adapted fluorescence parameters were obtained using a LI-6800
portable photosynthesis system (Li-Cor, Lincoln, NE) on the uppermost fully expanded leaf.
These measurements were determined at 10:00-14:00 h with chamber settings at air temperature
equal to the greenhouse daytime temperature (30 °C), light levels of 1500 μmolm−2 s-1, flow rate
of 600 μmol s-1, the relative humidity of 60%, and sample CO2 concentration of 400 ppm.
Recorded parameters included transpiration rate (E), leaf temperature (Tleaf), the efficiency of
Photosystem II (ΦPSII), and net photosynthesis (A).
Leaf pigment content such as anthocyanin index (Anth), epidermal Flavonol content
(FLV), and chlorophyll index (Chl) were determined using a Dualex Scientific+™ Chlorophyll
and Polyphenol-Meter (Force-A, Centre Universitaire Paris-Sud, France).
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Morphological Measurements
At the early seedling stage, parameters including the time to 50 % emergence and time to
first true leaf appearance (FTL) were recorded. Also, seedling emergence rate (SER) was
calculated as the reciprocal of time to 50 % emergence as described by Reddy et al. (2017).
At 30 days after sowing (DAS), non-destructive morphological parameters including
plant height from soil to main stem apex (PH), main stem node number (MSN), number of
reproductive structures (FN), and leaf thickness (TH) using Outside Micrometer (The Paul N.
Gardner Company, Inc., FL), were measured.
At the time of final harvesting (60 DAS), measured above-ground growth parameters
included plant height from soil to main stem apex (PH), main stem node number (MSN), leaf
thickness (TH), leaf area per plant (LA) using a table-top leaf area meter (Li-3100, Li-COR Inc.,
Lincoln, Nebraska, USA). Additionally, leaves, stem, and reproductive structures were then
harvested and placed in a forced-air dryer oven at 80 °C for 48 hours to obtain dry weights
(LDW, SDW, and FDW, respectively). The LDW, SDW, and FDW were summed to calculate
total dry weight (TDW).
After shoot harvesting, the roots were gently taken from the pots, untangled, washed,
measured for taproot length (TRL) and then placed in a forced-air dryer oven at 80 °C for 48
hours to obtain root dry weights (RDW).
Reniform nematode population measurements
Soil sample of 200 g per pot was collected and processed using standard elutriation and
sucrose centrifugation protocols ((Byrd et al., 1976; Jenkins, 1964) for reniform nematode
analysis. Vermiform reniform nematodes were counted at a magnification of 40X using an
inverted microscope. Total reniform nematode population per 200 g soil samples were
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determined and then converted to reniform nematode population per kg soil (RC) for statistical
analysis.
Data Analysis
The experimental design was a completely randomized design with three factors (4 levels
of nitrogen x 4 levels of genotype x 2 levels of nematode) and four replications per treatment.
The experiment was repeated, and data from both runs were combined for analysis. Nitrogen,
genotype, and reniform nematode treatments were treated as fixed effects, and experimental run
was considered a random effect. Data collected were analyzed using a mixed-effects ANOVA
procedure in JMP Pro 12.0 (SAS Institute, Cary, NC). The means were separated using Fisher’s
Protected Least Significant Difference (α = 0.05). The responses of growth and physiological
parameters concerning soil nitrogen were analyzed using linear (Eq. 4.1) and quadratic (Eq. 4.2)
functions in Sigma-Plot 13 (Systat Software, Inc., San Jose, CA). All figures were generated
using Sigma-Plot 13 (Systat Software, Inc., San Jose, CA).
Y = a + bx

(4.1)

Y = a + bx + cx2

(4.2)

Where a, b, and c are equation constants and x is the % recommended rate of soil
nitrogen.
Results
In subsequent sections of the results, we address growth and physiological responses for
each sampling period. For brevity, if no significant effects of any treatment or interaction term
110

were observed for a given parameter, the parameter was not presented below. In situations where
interaction between treatments was significant, we addressed the interaction rather than the main
effects. Thus, the following sections were organized into genotype, nitrogen, and nematode main
effects (only when significant and when no interaction is present) and significant interactions
between treatments (See Table 4.1 and Table 4.2).
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Table 4.1

Analysis of variance across four cotton genotypes, four nitrogen levels, and two reniform nematode levels and their
interactions on reniform nematode population and plant morphological parameters measured at 30 and 60 days after
sowing.

Source of variance SER FTL

TH PH MSN TH PH MSN LA FN RC TRL FDW RDW SDW LDW TDW
-----30 days---- --------------------------------------------60 days----------------------------------------Genotype
**† ***† ** NS **
NS *** ***
*
*
*** *
NS
*
**
*
NS
N
NS† NS
NS *** ***
NS *** ***
*** *** NS *** NS
***
***
***
NS
Genotype X N
NS NS
NS *† NS
NS NS NS
NS NS NS NS
NS
NS
NS
NS
NS
RN
NS NS
NS NS NS
*
** NS
NS NS *** **
NS
NS
***
*
NS
Genotype X RN
NS NS
NS NS NS
NS NS NS
NS NS *** NS
NS
NS
NS
NS
NS
N X RN
NS NS
NS NS NS
NS NS NS
NS NS NS NS
NS
NS
NS
NS
NS
Genotype X N RN NS NS
NS NS NS
NS NS NS
NS NS NS NS
NS
NS
NS
NS
NS
†The significance levels ***, **, * and Ns represent P ≤ .001, P ≤ .01, P ≤ .05 and P > .05, respectively.
N, nitrogen; RN, Reniform nematode; SER, seedling emergence rate; FTL, time to first true leaf; TH, leaf thickness; PH, Plant height;
MSN, main stem node, LA, leaf area per plant; FN, number of reproductive structures; RC, reniform nematode population counts;
TRL, taproot length; FDW, weight of reproductive structures; RDW, root dry weight; SDW, stem dry weight; LDW, leaf dry weight;
and TDW, total dry weight.
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Table 4.2

Analysis of variance across four cotton genotypes, four nitrogen levels, and two reniform nematode levels and their
interactions on physiological parameters at 30 and 60 days after sowing.

Source of variance
Genotype

Fv/Fm (FLT)
NS†

Fv/Fm

A

E

Tleaf

ΦPSII

Anth

Flv

Chl

Anth

Flv

Chl

Fv/Fm

A

E

Tleaf

ΦPSII

-------------------------------30 days-----------------------------

---------------------------60 days--------------------------------

NS

NS

**†

**

NS

NS

***

NS

NS

NS

**

NS

**

**

NS

**

N

**

***†

***

***

**

***

**

***

***

***

NS

***

NS

NS

***

***

*

Genotype X N

NS

*†

NS

NS

NS

NS

NS

NS

NS

**

NS

**

NS

NS

NS

NS

NS

RN

NS

NS

NS

*

NS

NS

NS

NS

NS

***

NS

***

**

*

NS

*

*

Genotype X RN

NS

NS

NS

NS

NS

*

NS

NS

NS

***

NS

***

**

**

*

NS

**

N*RN

NS

NS

NS

NS

NS

*

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

Genotype X N X RN

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

†The significance levels ***, **, * and ns represent P ≤ .001, P ≤ .01, P ≤ .05 and P> .05, respectively.
N; nitrogen, RN; Reniform nematode, FTL; first true leaf, Fv/Fm; maximum quantum yield of photosystem II, seedling emergence
rate, A; net photosynthesis, E; transpiration rate, Tleaf; leaf temperature, Anth; anthocyanin index, Flv; epidermal Flavonol content,
Chl; chlorophyll content, ΦPSII; efficiency of Photosystem II.
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Seedling Emergence and First True Leaf
Genotype Effects
There was significant variability (P< 0.01) among genotypes for seedling emergence rate
(SER) and time to reach first true leaf (FTL) such that Phytogen 490 W3FE had significantly
lower SER and took longer for FTL than other genotypes (Table 4.3). However, no effect of
nitrogen (N) or reniform nematode (RN) treatments was observed for SER or FTL.
Table 4.3

Seedling emergence rate (SER) and first true leaf (FTL) of cotton. Data are means
(n = 64).

Genotype

SER
FTL
days-1
hours
08SS110-NE06.OP
0.013a†
153b
a
08SS100
0.013
150b
Deltapine 16
0.012a
147b
b
PHY 490 W3FE
0.011
165a
† Values in a column sharing a letter are not significantly different (P > 0.05) for genotype
treatment effect.
Nitrogen Effects
The maximum quantum yield of photosystem II (Fv/Fm) for the first true leaf was
significantly higher at 100 % N (0.826) than 0 % N (0.814) and 150 % N (0.819) (Table 4.4).
Fv/Fm showed a quadratic (r2 = 0.99) response concerening soil N. Fv/Fm increased at the rate of
2.59 % recommended N rate -1 for soil nitrogen (Figure 4.1). There were no significant
interaction effects observed for Fv/Fm of the first true leaf.
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Figure 4.1

Nitrogen treatment effect on maximum quantum yield of photosystem II of first
true leaf; Fv/Fm (FTL) of cotton.

Data are means ± SE (n = 64).
Table 4.4

Maximum quantum yield of photosystem II of first true leaf; Fv/Fm (FTL) of
cotton. Data are means (n = 64).

Nitrogen rates
Fv/Fm (FTL)
% recommended rate
100
0.826a†
50
0.822ab
150
0.819bc
0
0.814c
†Values in a column sharing a letter are not significantly different (P > 0.05) for nitrogen
treatment effect.
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30 Days Measurements
No effect of RN treatment was observed on morphological parameters at 30 DAS.
Genotype Effects
Leaf thickness (TH) of 08SS100 was significantly greater than Deltapine 16 and
08SS110-NE06.OP (Table 4.5). Main stem node number (MSN) and flavanol index of 08SS110NE06.OP was significantly higher than other genotypes across all treatments (Table 4.5). The
leaf temperatures were significantly lower in Phytogen 490 W3FE by 1.3 % among other
genotypes. The transpiration rates of Phytogen 490 W3FE (0.0083 mol m⁻² s⁻¹) were
significantly higher than 08SS100 and Deltapine 16, which were not different from each other
(Table 4.5).
Table 4.5

Morphological and physiological parameters of cotton genotypes at 30 days after
sowing. Data are means (n = 64).

Genotype

TH
MSN
E
Tleaf
FLV
μm
counts plant-1
°C
flavonol index
mol m⁻² s⁻¹
08SS110-NE06.OP
8.25b†
5.67a
0.0078ab
29.6a
1.109a
a
b
b
a
08SS100
8.89
5.34
0.0073
29.7
1.013b
b
b
b
a
Deltapine 16
8.44
5.22
0.0073
29.8
0.978b
PHY 490 W3FE
8.60ab
5.17b
0.0083a
29.4b
0.876c
†Values in a column sharing a letter are not significantly different (P > 0.05) for genotype
treatment effect.
Leaf thickness (TH), main stem node number (MSN), transpiration rate (E), leaf temperature
(Tleaf), and epidermal flavonol content (FLV).
Nitrogen Effects
Main stem node numbers showed a quadratic (r2 = 0.97) increase at the rate of 0.04 nodes
% recommended N rate -1 with increasing rates of nitrogen (Figure 4.2). The main stem node
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number per plant ranged from a maximum of 6.34 nodes per plant in the150 % N treatment to a
minimum of 3.56 nodes per plant in the 0 % N treatment (Table 4.6).

Figure 4.2

Nitrogen treatment effect on main stem node number (MSN) of cotton at 30 days
after sowing.

Data are means ± SE (n = 64).
Table 4.6

Main stem node number (MSN) of cotton at 30 days after sowing.

Nitrogen
MSN
% recommended rate
counts plant-1
150
6.34a†
100
5.95b
50
5.55c
0
3.56d
†Values in a column sharing a letter are not significantly different (P > 0.05) for nitrogen
treatment effect.
Data are means (n = 64).
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Interaction Effects
Genotype X nitrogen treatment effects were observed for plant height in 30-day old
plants (Table 4.1) such that plants of genotypes Deltapine 16 and 08SS110-NE06.OP at 100%
nitrogen exhibited comparable plant height to Phytogen 490 W3FE and 08SS100 at 150 % and
averaged 26.4 cm (Table 4.7). Deltapine 16, Phytogen 490 W3FE, and 08SS100 were
significantly shorter by 4.1 cm on an average than 08SS110-NE06.OP at the lowest N level
(Table 4.7). The response of plant height in all the four genotypes with respect to soil nitrogen
was best explained by quadratic function (r2 = 0.78 to 0.99; Figure 4.3). The rate of increase in
PH for 08SS110-NE06.OP (0.11 cm % recommended rate -1 of soil N) was significantly lower
than Deltapine 16 (0.20 cm % recommended rate -1 of soil N) and Phytogen 490 W3FE (0.22 cm
% recommended rate -1 of soil N), which were not different from each other (Table 4.8). The
resistant genotypes showed no difference in ΦPSII whether grown under the presence or absence
of RN and had ΦPSII equivalent to that obtained for susceptible genotypes under no RN
pressure, i.e., 0.26 on average (Table 4.9). A significant nitrogen x RN treatment interaction
effect was also observed for ΦPSII. The highest N level produced the highest ΦPSII, and the
lowest produced the lowest ΦPSII, but nematode effect was not significant at these rates.
However, at 100%, RN presence produced lower efficiencies, and at 50% RN presence produced
higher values (Table 4.10). A positive and linear increase in ΦPSII with increasing N was
observed both in presence and absence of RN (r2 = 0.93 to 0.96; Figure 4.4). Moreover, the rate
of increase in ΦPSII under presence of RN was not different than RN absence (Table 4.11).
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Figure 4.3

Nitrogen treatment effect on plant height (PH) of four cotton genotypes at 30 days
after sowing.

Data are means ± SE (n = 16).
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Figure 4.4

Nitrogen treatment effect on efficiency of photosystem II of cotton under presence
and absence of reniform nematode.

Measurements were taken at 30 days after sowing. Data are means ± SE (n = 32).
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Table 4.7

Interaction effect of genotype (G) and nitrogen (N) treatments on plant height (PH)
of cotton genotypes at 30 days after sowing. Data are means (n = 16).
GxN
Deltapine 16,100

PH
cm
27.3a†

PHY 490 W3FE,150

26.9ab

08SS110-NE06.OP,100

26.5ab

PHY 490 W3FE,100

26.3ab

08SS100,150

25.8ab

Deltapine 16,150

25.7ab

08SS110-NE06.OP,150

25.6ab

08SS100,50

25.6ab

08SS110-NE06.OP,50

24.7abc

Deltapine 16,50

24.1abc

08SS100,100

23.4bcd

PHY 490 W3FE,50

21.9cd

08SS110-NE06.OP,0

20.5d

Deltapine 16,0

16.5e

08SS100,0

16.3e

PHY 490 W3FE,0

13.1e

†Values in a column sharing a letter are not significantly different (P > 0.05) for genotype x
nitrogen effect.
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Table 4.8

Quadratic equation constants and coefficient of determination for plant height of
four cotton genotypes with respect to nitrogen treatment at 30 days after sowing.
Data are means (n = 16).

Genotype

a
b§
C
cm plant-1
% recommended rate -1
08SS110 20.46 (20.20-20.72)¶
0.11 (0.10-0.12)
-0.0005 (-0.0006-0.0005)
08SS100 17.13 (-23.23-61.48)
0.16 (-1.27-1.58)
-0.0007 (-0.0098-0.0084)
DP 16
16.44 (15.06-17.83)
0.20 (0.16-0.25)
-0.0009 (-0.0012-0.0006)
PHY 490
13.15 (11.68-14.62)
0.22 (0.17-0.26)
-0.0008 (-0.0011-0.0005)
08SS110-NE06.OP (08SS110), Deltapine 16 (DP 16), and PHY 490 W3FE (Phy 490).
§ Rate constant.
¶Values in parenthesis indicate 95% confidence intervals.
Table 4.9

r2
0.99
0.78
0.99
0.99

Interaction effect of genotype (G) and reniform nematode (RN) treatments on
efficiency of Photosystem II (фPSII) of cotton genotypes at 30 days after sowing.
Data are means (n = 16).

G x RN
фPSII
PHY 490 W3FE,NO
0.2675a†
08SS110-NE06.OP,RN
0.2673a
08SS100,NO
0.2604ab
08SS100,RN
0.2576ab
Deltapine 16,NO
0.2495abc
08SS110-NE06.OP,NO
0.2480abc
Deltapine 16,RN
0.2436bc
PHY 490 W3FE,RN
0.2334c
†Values in a column sharing a letter are not significantly different (P > 0.05) for the interaction
effect.
NO, absence of reniform nematode; and RN, presence of reniform nematode.
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Table 4.10

Interaction effect of nitrogen (N) and reniform nematode (RN) treatments on
efficiency of photosystem II (фPSII) of cotton at 30 days after sowing. Data are
means (n = 32).

N x RN
фPSII
150,RN
0.3074a†
150,NO
0.2965a
100,NO
0.2908a
100,RN
0.2598b
50,RN
0.2440bc
50,NO
0.2358c
0,NO
0.2023d
0,RN
0.1907d
†Values in a column sharing a letter are not significantly different (P > 0.05) for the interaction
effect.
NO, absence of reniform nematode; and RN, presence of reniform nematode.
Table 4.11

RN

Quadratic equation constants and coefficient of determination for efficiency of
photosystem II of cotton with respect to nitrogen treatment under presence and
absence of reniform nematode (RN) at 30 days after sowing.
a

b§
% recommended rate -1
0.0007 (0.0001-0.0012)
0.0007 (0.0003-0.0012)

Absence
0.21 (0.15-0.26)¶
Presence
0.19 (0.16-0.24)
Reniform nematode (RN)
§ Rate constant.
¶Values in parenthesis indicate 95% confidence intervals.
Data are means (n = 32).
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r2
0.93
0.96

60 Days Measurements
Genotype Effects
Significant effects of genotype were observed for PH, MSN, and LA at the time of final
harvest such that the resistant genotype 08SS110-NE06.OP (37.9 cm) had significantly greater
height followed by 08SS100 (34.2 cm), Deltapine 16 (31.9 cm), and PHY 490 W3FE (31.5 cm)
(Table 4.12). The main stem node number was significantly higher in 08SS110-NE06.OP than
the other three genotypes. Resistant genotypes had an averaged leaf area of 355.5 cm2, which
was greater than the mean leaf area (321.7 cm2) for susceptible genotypes. At the time of
harvesting, the taproot length (TRL) of Phytogen 490 W3FE was 15.2% smaller than the other
genotypes. Genotype 08SS110-NE06.OP had significantly greater stem (3.54 g), and root (2.01
g) dry weights than the other genotypes that had average stem and root dry weights of 2.85 and
1.73 g, respectively (Table 4.12). The leaf dry weight of 08SS110-NE06.OP (3.48 g) was
significantly greater than susceptible genotypes (2.93 g), but not different from 08SS100 (3.20
g).
Table 4.12

Morphological and physiological parameters of cotton genotypes at 60 days after
sowing. Data are means (n = 64).

Genotype

PH
MSN
LA TRL
RDW
SDW
LDW
cm counts plant-1 cm2 cm
---------------g----------------08SS110-NE06.OP 37.9a†
8.25a
362a 27.1a
2.01a
3.54a
3.48a
b
b
a
a
b
b
08SS100
34.2
7.27
349 26.4
1.73
3.04
3.20ab
Deltapine 16
31.9bc
7.08b
309b 28.2a
1.76b
2.80b
2.95b
c
b
ab
b
b
b
PHY 490 W3FE
31.5
7.11
334 23.1
1.71
2.70
2.91b
†Values in a column sharing a letter are not significantly different (P > 0.05) for genotype
treatment effect.
Plant height (PH), main stem node number (MSN), leaf area (LA), taproot length (TRL), root dry
weight (RDW), stem dry weight (SDW), and leaf dry weight (LDW).
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Nitrogen Effects
Plant height, MSN, and LA increased in a quadratic manner (r2 = 0.99) with increasing
levels of N (Figure 4.5A-C). The rate of increase in PH, MSN, and LA with respect to soil N
were 0.29 cm % recommended N rate, 0.04 counts % recommended N rate, and 4.20 cm2 %
recommended N rate, respectively. Plant height was significantly greater under nitrogen levels of
150 and 100 % N than 50 and 0 % N (Table 4.13). The MSN increased from 5.47 nodes plant-1 at
0 % N to 8.67 nodes plant-1 at 150 % N with increasing levels of N. Leaf area increased from 115
cm2 to 507 cm2 with increasing N levels from 0 to 150 %, respectively (Table 4.13). Dry weights
for various plant components increased with increasing N levels from 0 to 150 % and ranged
between 0.65 to 2.49 g for root, 0.82 to 4.72 g for stem, and 0.96 to 4.75 g for leaf, respectively
(Table 4.13). Root, stem and leaf dry weights increased at the rate of 0.03, 0.04, and 0.04 g %
recommended N rate -1 concerning soil N (Figure 4.6A-C; r2 = 0.98-0.99). The quadratic
response of taproot length (TRL) was observed concerning soil N (Figure 4.7; r2 = 0.99). Taproot
length was reduced from 30.8 to 19.2 cm with declines in N from 100 to 0 %. The leaf
temperature (Tleaf) increased at linear rate (r2 = 0.99; Figure 4.8A) with increasing N levels such
that Tleaf ranged from 29.9 °C at 0 % N level to 30.5 °C at 150 % N (Table 4.13). The efficiency
of Photosystem II (ΦPSII) was also significantly affected by N treatments at the time of harvest
(Table 4.13). ΦPSII was significantly lower at 50 % N than other levels of N (Figure 4.8B).
Transpiration rates declined linearly (r2 = 0.90) at the rate of 1.06e-5 mol m-2 s-2 % recommended
N rate -1 with respect to soil N (Figure 4.8C).
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Figure 4.5

Nitrogen treatment effect on plant height (A), main stem node number (B), and
leaf area (C) of cotton at 60 days after sowing.

Data are means ± SE (n = 64).
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Figure 4.6

Nitrogen treatment effect on root (A), stem (B), and leaf (C) dry weights of cotton
at 60 days after sowing.

Data are means ± SE (n = 64).
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Figure 4.7

Nitrogen treatment effect on taproot length of cotton at 60 days after sowing.

Data are means ± SE (n = 64).
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Figure 4.8

Nitrogen treatment effect on leaf temperature, efficiency of photosystem II and
transpiration of cotton at 60 days after sowing.

Data are means ± SE (n = 64).
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Table 4.13

Nitrogen effects on measured parameters of cotton at 60 days after sowing.

Nitrogen
PH MSN LA TRL RDW SDW LDW
E
Tleaf фPSII
% recommended rate cm counts cm2 cm
----------g------- mol m⁻² s⁻¹ °C
150
41.7a† 8.67a 507a 27.6ab 2.49a 4.72a 4.75a 0.0037c 30.5a 0.15a
100
39.4a 8.17b 416b 30.8a 2.20b 3.78b 3.96b 0.0044b 30.2b 0.15a
50
33.5b 7.39c 317c 27.0b 1.86c 2.75c 2.87c 0.0044b 30.1b 0.14b
0
20.8c 5.47d 115d 19.2c 0.65d 0.82d 0.96d 0.0054a 29.9c 0.15a
†Values in a column sharing a letter are not significantly different (P > 0.05) for nitrogen
treatment effect.
Data are means (n = 64).
Plant height (PH), main stem node number (MSN), leaf area (LA), taproot length (TRL), root dry
weight (RDW), stem dry weight (SDW), and leaf dry weight (LDW), transpiration rate (E), leaf
temperature (Tleaf), and maximum quantum yield of photosystem II (фPSII).
Reniform Nematode Effects
Reniform nematode treatment significantly decreased SDW and LDW by 26% and 8.5 %,
respectively (Table 4.14), but no effect of RN was observed for RDW at 60 DAS. Further, PH
was significantly higher under no nematode pressure (35.1 cm) than in the presence of nematode
(32.6 cm). Reniform nematode presence caused thinner leaves (leaf thickness; TH) at 60 DAS
compared to RN absence. TRL was reduced by 14% under the presence of RN compared to RN
absence (Table 4.14). Reniform nematode also decreased Tleaf compared to no RN (Table 4.14).
Table 4.14

Reniform nematode effects on measured parameters of cotton at 60 days after
sowing.

RN

Tleaf
TH
PH
TRL
SDW
LDW
°C
μm
cm
cm
------g----Absence
30.2a†
10.20a
35.1a
28.1 a
3.26 a†
3.27 a
Presence
30.1b
9.67 b
32.6 b
24.2 b
2.67 b
2.99 b
†Values in a column sharing a letter are not significantly different (P > 0.05) for reniform
nematode treatment effect.
Data are means (n = 8).
Leaf temperature (Tleaf), leaf thickness (TH), plant height (PH), taproot length (TRL), stem dry
weight (SDW), and leaf dry weight (LDW).
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Interaction Effects
An interaction effect was not observed between any treatments for any of the
morphological parameters, including PH, MSN, and LA at the time of harvesting (Table 4.1).
However, significant G x N interactions were observed for anthocyanin and chlorophyll indices
at 60 DAS. Overall, PHY 490 W3FE at 50% N showed the maximum Anth (0.207) and
08SS110-NE06.OP at 150 % N showed the minimum Anth (0.152), respectively (Table 4.15 and
Figure 4.9A). Specifically, 08SS110-NE06.OP showed lower Anth when N was applied above
recommended rate (150 % N) compared to N applied below recommended rates (50 % N). In
contrast susceptible genotypes PHY 490 W3FE showed no difference in Anth between 50 to 150
% N. The rate of increase in Anth with respect to soil N was not different among genotypes
(Table 4.16). Genotypes 08SS110-NE06.OP and Deltapine 16 at 150 % N had the highest Chl
when compared to all other G x N combinations, and averaged 18.7 chlorophyll index (Table
4.15 and Figure 4.9B). Similar to Anth, genotypes were not significantly different for the rate of
increase in Chl with increasing N and averaged 0.06 chlorophyll index % recommended N rate -1
(Table 4.17).
A genotype by reniform nematode treatment (G x RN) effect was observed for Fv/Fm
determined on the uppermost fully expanded leaf at 60 DAS (Table 4.2). Resistant genotypes
showed no differences in Fv/Fm under the presence and absence of RN and averaged 0.78 which
was also equivalent to mean Fv/Fm obtained for susceptible genotype under absence of RN
(Table 4.18). However, Fv/Fm for susceptible genotypes was lowered (P< 0.05) in the presence
of RN and averaged 0.77, when compared to no nematode pressure (Table 4.18). The Anth
content of susceptible genotypes and resistant genotype 08SS100 significantly increased in the
presence of reniform nematode compared to no RN pressure. In contrast, no differences in Anth
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were observed under presence or absence of RN for resistant genotypes 08SS110-NE06.OP.
However, mean Anth values for 08SS110-NE06.OP was lower than observed for susceptible
genotypes in the presence of RN (Table 4.18). The Chl content significantly declined in
susceptible genotypes and resistant genotype 08SS100 with the presence of RN compared to no
RN. In contrast, no differences in Chl were observed between the two levels of RN treatment for
resistant genotype 08SS110-NE06.OP. Interestingly, Chl in 08SS110-NE06.OP was comparable
to susceptible genotypes and resistant genotype 08SS100 in the presence of RN (Table 4.18).
Reniform nematode presence significantly increased E in 08SS100 compared to RN absence,
while no change was observed in other genotypes (Table 4.18). Resistant genotypes had no
change in ΦPSII under RN presence compared to RN absence, while RN presence significantly
decreased ΦPSII in susceptible genotypes. Phytogen 490 W3FE and Deltapine 16 in RN absence
had ΦPSII comparable to 08SS110-NE06.OP (~ 0.15) followed by 08SS100 (0.13), which was
not different from lowest ΦPSII (0.12) obtained in susceptible genotypes under the presence of
RN (Table 4.18).
Genotypes (G) and G x RN interaction effects were observed for net photosynthetic rate
(A) at 60 days after planting (Table 4.2). Overall, genotype 08SS110-NE06.OP had significantly
higher A (12.64 μmol CO2 m-2 s-1) than the other three genotypes (< 11 μmol CO2 m-2 s-1). The
susceptible genotypes exhibited a significant decline in A under presence of RN compared no
RN, while A in resistant genotypes remain unaffected by RN. No significant differences for A
were observed among 08SS110-NE06.OP under RN and susceptible genotypes under no RN and
averaged 12.27 μmol CO2 m-2 s-1 (Table 4.18). Genotype 08SS100 had A of 10.26 μmol CO2 m-2
s-1 under no RN, which was significantly lower than 08SS110-NE06.OP (13.06 μmol CO2 m-2 s1

) but no different than Deltapine 16 and PHY 490 W3FE (9.5 μmol CO2 m-2 s-1) in RN presence
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(Table 4.18). A significant G x RN effect was observed for reniform nematode populations at 60
DAS. Specifically, the final RN population was 78% lower in pots planted with resistant
genotypes compared to pots planted with susceptible genotypes for treatments that included
nematodes. The maximum and minimum counts for RN population at 60 DAS were obtained in
Deltapine 16 (5306 nematodes/kg) and 08SS110-NE06.OP (973 nematodes/kg), respectively for
treatments that included nematodes (Table 4.18).
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Figure 4.9

Nitrogen treatment effect on anthocyanin (A) and chlorophyll (B) indices of four
cotton genotypes at 60 days after sowing.

Data are means ± SE (n = 16).
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Table 4.15

Interaction effect of genotype (G) and nitrogen (N) treatments effect on
anthocyanin index (Anth) and chlorophyll index (Chl) of cotton genotypes at 60
days after sowing.

GxN

Anth
Chl
Anthocyanin index
Chlorophyll index
PHY 490 W3FE,50
0.207a†
11.3e
ab
DP 16,50
0.204
11.7de
08SS100,50
0.201ab
12.4cde
ab
08SS110-NE06.OP,50
0.200
12.7cde
ab
PHY 490 W3FE,150
0.198
12.3cde
08SS100,0
0.193abc
14.6bc
abc
PHY 490 W3FE,100
0.192
12.0cde
08SS110-NE06.OP,0
0.191abcd
14.2bcd
abcd
08SS100,100
0.191
14.2bc
DP 16,0
0.183abcde
13.6bcde
bcde
DP 16,100
0.179
14.2bcd
08SS100,150
0.171cdef
16.0b
def
08SS110-NE06.OP,100
0.167
15.6b
PHY 490 W3FE,0
0.161ef
15.5b
f
DP 16,150
0.154
18.6a
f
08SS110-NE06.OP,150
0.152
18.8a
†Values in a column sharing a letter are not significantly different (P > 0.05) for reniform
nematode treatment effect.
Data are means (n = 16).
Table 4.16

Quadratic equation constants and coefficient of determination for anthocyanin
index (Anth) of four cotton genotypes with respect to nitrogen treatment at 60 days
after sowing.

Genotype

a
b§
c
anthocyanin
% recommended rate -1
index
08SS110 0.19 (0.03-0.36)¶ 0.0054 (-0.0053-0.0054)
-0.00002 (-0.00003-0.00003)
08SS100 0.19 (0.17-0.22) 0.0003 (-0.0005-0.0010) -0.000002 (-0.000007-0.000002)
DP 16
0.18 (0.06-0.31) 0.0005 (-0.0035-0.0044) -0.000005 (-0.00003-0.00002)
PHY 490 0.17 (-0.06-0.39) 0.0008 (-0.0065-0.0081) -0.000004 (-0.00005-0.00004)
08SS110-NE06.OP (08SS110), Deltapine 16 (DP 16), and PHY 490 W3FE (Phy 490).
§ Rate constant.
¶Values in parenthesis indicate 95% confidence intervals.
Data are means (n = 16).
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r2
0.87
0.99
0.92
0.72

Table 4.17

Quadratic equation constants and coefficient of determination for chlorophyll
index (Chl) of four cotton genotypes with respect to nitrogen treatment.

Genotype

a
b§
c
-1
chlorophyll index
% recommended rate
08SS110
14.03 (2.36-25.69)¶
-0.04 (-0.41-0.34)
-0.0005 (-0.0019-0.0029)
08SS100
14.42 (2.91-25.93)
-0.05 (-0.42-0.32)
-0.0004 (-0.0020-0.0028)
DP 16
13.55 (6.57-20.52)
-0.06 (-0.29-0.16)
-0.0006 (-0.0008-0.0021)
PHY 490
15.23 (-0.12-30.34)
-0.08 (-0.57-0.40)
-0.0004 (-0.0027-0.0035)
08SS110-NE06.OP (08SS110), Deltapine 16 (DP 16), and PHY 490 W3FE (Phy 490).
§ Rate constant.
¶Values in parenthesis indicate 95% confidence intervals.
Data are means of sixteen replications (n = 16) measured at 60 days after sowing.
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r2
0.96
0.87
0.92
0.72

Table 4.18

Interaction effect of genotype (G) and reniform nematode (RN) treatments effect on reniform nematode population and
physiological parameters of cotton genotypes at 60 days after sowing.

G x RN

RC
Anth
Chl
Fv/Fm
A
E
фPSII
nematodes/kg
µmol m⁻² s⁻¹
mol m⁻² s⁻¹
Deltapine 16,RN
5306a†
0.20ab
11.95c
0.77c
9.40d
0.0039bc
0.12b
PHY 490 W3FE,RN
5198a
0.22a
9.81d
0.78bc
9.63cd
0.0045ab
0.13b
b
bc
c
ab
bc
ab
08SS100,RN
1309
0.19
13.21
0.78
11.20
0.0045
0.13b
08SS110-NE06.OP,RN
973bc
0.17def
15.47ab
0.78bc
13.06a
0.0051a
0.16a
c
cd
b
bc
ab
a
08SS110-NE06.OP,NO
188
0.18
15.20
0.78
12.23
0.0047
0.15a
PHY 490 W3FE,NO
171c
0.16ef
15.70ab
0.80a
12.37ab
0.0048a
0.15a
c
de
ab
abc
cd
c
08SS100,NO
131
0.17
15.45
0.78
10.26
0.0037
0.13b
c
f
a
a
ab
ab
Deltapine 16,NO
120
0.15
17.18
0.79
12.20
0.0045
0.15a
†Values in a column sharing a letter are not significantly different (P > 0.05) for the interaction effect.
Data are means (n = 8).
Reniform nematode count (RC), anthocyanin index (Anth), chlorophyll index (Chl), maximum quantum yield of photosystem II
(Fv/Fm), net photosynthesis (A), transpiration rate (E), and efficiency of Photosystem II (фPSII).
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Discussion
The present study evaluated the growth and physiological responses of two novel, RN
resistant cotton lines, 08SS110-NE06.OP and 08SS100, along with two susceptible cultivars
(Deltapine 16 and PHY 490 W3FE) to a range of soil N levels in the presence and absence of
RN. The reniform nematode (RN) and N fertility affected various morphological and
physiological growth parameters during the early season (seedling emergence, first true leaf, 30
and 60-day old plants). Previous studies have mostly focused on either the degree of nematode
infection or some impact on nematode reproduction in evaluating RN resistant cotton
lines/cultivars, and very little information is available on plant growth responses (Starr et al.,
2011, Robinson et al., 2004). To our knowledge, this is the first study that described early-season
growth and physiological response of novel, RN resistant cotton lines (08SS110-NE06.OP and
08SS100) to soil N and reniform nematode.
The lowered RN populations observed in the pots with resistant cotton lines compared to
susceptible cotton genotypes suggest that resistant cotton lines have the potential to inhibit
reniform nematode reproduction. Further no effects of nitrogen treatment on RN population
indicate that reduction in RN population observed was solely due to host plant resistance and not
a chemotactic response of urea, as has been reported in the past studies (Ronan and Queneherve,
2002; Rodriguez-Kabana and King, 1980). However, we are not sure if the reduced RN pressure
contributed to greater early-season vigor in resistant genotypes compared to susceptible
genotypes, because RN X G effects were not observed for cotton morphological parameters. This
is in contrast with the results of Anver and Alam (1989), who have shown less of a decline in
growth and development characteristics in resistant cultivars when compared to susceptible
cultivars in pigeon pea.
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No RN effects on physiology and growth of the resistant lines were observed at
emergence and 30 DAS, except for ΦPSII, which, however, was not biologically significant. One
of the reasons could be that cotton seedlings inoculated with mixed vermiform stages might not
have enough immature female (infective stage) to cause instantaneous damage. The reniform
nematode takes about 25 to 30 days to complete its life cycle in all soils at 27-32 ºC (Robinson,
2007), therefore, RN reproduction over the experimental time should have produced enough
immature females to feed and cause severe damage on 60 days old plants.
The study reported responses in physiology and growth of genotypes which were
characteristic responses of cotton early growth to N fertility (Giri et al., 2016; Girma et al., 2007;
Reddy et al., 2004) and RN damage (Agudelo et al., 2005; Moore and Lawrence, 2013; Jones et
al., 1959) reported in the literature. Although plant morphological and physiological traits’
values varied among genotype at given level of N, the rates of growth and development with
respect to soil N were not different among the four genotypes used in this study. Hence, the
results suggest that novel resistant lines could acclimate to current fertilization management
strategies for cotton in the Mid-south. The present study results also supported the results of our
sister field study (unpublished data) which showed no differences in the rate of growth and
development among these four genotypes when grown under RN-infested field conditions. An
interaction effect of N X RN was not observed on growth throughout the study, which suggests
that increasing N levels might not improve the performance of the cotton genotypes used in this
study under reniform nematode infested conditions. This result supports Ebelhar et al. (2011),
who reported no influence of soil nutrition on nematode damage in cotton under field conditions.
RN X G interaction effects on cotton physiology were found only in 60-day old plants.
The leaf physiological traits of resistant genotype 08SS110-NE06.OP was not affected by the
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presence of RN and had similar values to susceptible genotypes under the absence of RN,
indicate that a phenolic leaf compound, as evidenced by stable anthocyanin index, might be
associated with mechanism to reduce RN reproduction in this genotype. Thus, the building up of
anthocyanin index in susceptible genotypes under presence of RN further suggests that the
pigment might play role in mitigating damage by RN in cotton. The results support Koti et al.
(2007) that showed a negative correlation between cotton leaf phenolics with reniform nematode
populations. Interestingly, 08SS100 behaved more like susceptible genotypes in terms of
anthocyanin index response to RN X G interaction effect, with values increased under presence
of RN, when compared to no RN, which suggests that the mode of RN suppression by 08SS100
could be different from 08SS110-NE06.OP. Further, resistant genotype 08SS110-NE06.OP
maintained A, Chl, Fv/Fm, and ΦPSII under presence or absence of RN, unlike susceptible
genotypes. Thus, leaf physiology of 08SS110-NE06.OP showed more resilience to RN pressure
and simultaneously showed comparable growth rate performance compared to susceptible
cultivars. Future study should evaluate the agronomic responses of these resistant lines under
management approaches linking the intensive agricultural system to the integrated cropnematode system for sustainable future cotton production.
Conclusion
Genotypes showed variable morphological and physiological responses to RN treatment
at early growth stages. Genotype 08SS110-NE06.OP performed better across all levels of RN
possibly by maintaining anthocyanin index, Chl, and E, when compared to other genotypes.
Resistant genotypes inhibited RN reproduction when compared to susceptible genotypes. The
increased leaf pigments such as anthocyanin could be one possible mechanism in 08SS110NE06.OP to suppress RN population, which is unlikely for 08SS100. Overall, growth and
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physiology of the genotypes showed quadratic or linear responses concerning soil N. The
genotypes were not significantly different for rate of change in growth and physiology
concerning soil N, except for plant height at 30 DAS. There was no relationship between N and
RN treatments observed based on the responses of growth parameters determined in this study.
The information on growth responses from this study could be useful for future research to
identify mechanisms to suppress reniform nematode.
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CHAPTER V
SUMMARY AND CONCLUSION
Rising reniform nematode infestation has contributed to making cotton production more
difficult because of inconsistent control by cultural or chemical practices over time. Also, high
input cost associated with pest control has lowered net returns of cotton farmers compared to
other major agronomic crops. The relative higher net production in corn (Zea mays) or soybean
(Glycine max) is one reason for the decline of cotton acreage in Mississippi from the past.
Resistance could provide additional tools to help producers reduce reniform nematode-induced
cotton losses. However, the development of resistance to the reniform nematode is still in
progress in cotton. Meanwhile, scientists are also looking for modifications in crop production
practices such as soil fertility in an attempt to mitigate the problem. Two experiments were
therefore conducted to determine the role of host plant resistance to reniform nematode and soil
nitrogen on cotton growth and physiology both under field and greenhouse conditions.
In experiment 1, four cotton genotypes that included upland cotton lines (with reisitance
to RN from Gossypium barbadense; 08SS110-NE06.OP and 08SS100) resistant to RN along
with a susceptible genetic standard (Deltapine 16) and a commercial, susceptible cultivar (PHY
490 W3FE) were grown under naturally infested field soils across two different growing seasons.
The objective of our field experiment was to evaluate growth, development, and yield responses
of a novel, RN resistant cotton lines along with susceptible cotton cultivars across two different
growing seasons under RN infested field conditions. The study showed genotypic differences for
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growth, hand-picked yield, and yield components along the season but growth rates among
genotypes were not different. Plant height, main stem nodes, leaf area, net photosynthetic rates,
and hand-picked lint yields obtained in 2018 were higher than in 2017, despite 2018 was drier
than 2017. Similarly, RN population in field plots was higher in 2018 than 2017. Unlike
susceptible genotypes, resistant genotypes suppressed RN population in both the years. The
cotton resistant genotype, 08SS110-NE06.OP, maintained high lint yields across both growing
seasons while having the additional effect of suppressing RN population. In contrast, PHY490
W3FE achieved high lint yield in 2018, despite higher RN pressure.
Experiment 2 was conducted under greenhouse conditions where the same four
genotypes were subjected to four different levels of N [100% of recommended rates, 150% of
recommended, 50% of recommended, and base level (0% N)] from sowing until harvesting, 60
days after planting, in the presence and absence of reniform nematode. The objective of
greenhouse experiment was to gain information on the role that host plant resistance plays in
influencing growth and physiological response to a range of soil N levels in the presence and
absence of RN. Similar to the field study, reniform nematode population were suppressed in the
pots grown with resistant cotton genotypes when compared to susceptible cotton genotypes. The
rate of change in early growth and physiology to soil N among cotton genotypes was not
different. However, variable genotypic responses to reniform nematode in growth and
physiology were observed such that resistant genotypes 08SS110-NE06.OP found
physiologically superior to other genotypes across the range of RN treatment. Soil nitrogen had
no relationship with reniform nematode, suggesting that nitrogen management tactics may not
provide best solution to reduce RN damage on the early growth of cotton genotypes.

146

